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DIGEST 


Handheld Dual Trace DSO 


with DMM 


dvance House of 
Instruments are distributing 
the Soaar 1000, a_ battery 
operated digital storage 


oscilloscope which uses a liquid 
crystal display and has a built-in 
digital multimeter. 

The Soar 1000 has a 
bandwidth of 3.2MHz and nine 
ranges of sensitivity from 10mV/ 
division to SV/division, The Y- 


amplifier frequency 
characteristic is £3dB or less 
fom DC to 200kHz. The 
timebase has twenty ranges 


from 5us/division to 5s/division 
and features continuous-sweep 
and single-sweep measurement 
modes and positive, negative 


» 
* 


and switcheable trigger slopes. 

The display unit is a 128 x 
160 dot-matrix LCD with a dot 
size of 0.55 x 0.55 mm and an 
effective display area of 76 x 
95mm. A graticule divides the 
display area into ten divisions 
on the horizontal axis and four 
vertically on each trace. 

A built-in battery backed-up 
memory allows storage of wave 
forms for later analysis and a 
waveform alarm function 
ensures correct operation. The 
rechargeable NiCad battery 
pack provides six hours of 
operation and the unit can also 
be powered by means of a 
mains adaptor. 


The Soar model 1000 
includes a seven function, 27- 
range digital multimeter which 
offers both automatic and 
manual ranging. The unit comes 
complete with  ascilloscope 
probes, multimeter probes, 


batteries, rechargeable battery 
pack and an AC adaptor and 
costs £995.00 plus VAT. 
Advance House of 
instrument Raynham Road, 
Bishop's Stortford Hertfordshire 
CM23 5PF, 0279 — 55155. 
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In One Cycle 


dvanced Micro Devices 

claim their single chip 32-bit 
floating point processor (FPP) is 
the first in the world and can 
perform floating-point addition, 
subtraction and multiplication in 
a single 150ns clock cycle. 

The Am29325 FPP features a 
three-bus flow-through 
architecture, using two 32-bit 
input buses and one 32-bit 
output bus. The cycle time is 
150ns in the flow-through mode 
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and 135ns in the clocked mode. 
It can also be used in two other 
1/O configurations, a  32- 
bit two-bus architecture and a 
16-bit, three-bus format for use 
with 16-bit processors, 

The device can perform 
arithmetic in either IEEE 
floating-point format standard 
P754 or DEC single-precision 
floating-point format. It can also 
perform conversions between 
the IEE and DEC formats and 


between 32-bit integer format 
and floating-point format. 

There are six flags to provide 
additional information on the 
status of the computation, These 
are invalid operation, inexact 
result, zero, not-a-number, 
overflow, and underflow, For 
maximum design flexibility, the 
input and output registers can 
be made independently 
transparent. This allows the 
designer to choose either the 
on-chip or external registers 


with no loss of system speed. 


The Am29325 is 
manufactured using AMD's 
IMOX-S” bipolar process, and 
comes in a 144pin pin-grid array 


) package. It is the first member 
of 


their Am29300 32-bit 
microprocessor family to 
become available and_ is 


3 designed for use both with 


members of that family or with 
other microprocessors. AMD 


1 say the device will be in full 


production by the end of 1985. 


They expect it to find 
applications as a floating-point 
accelerator for workstations, 
array and digital signal 
processors, high-end graphics, 
supercomputers, super 
minicomputers, spectrum 
analysers, radar and sonar 
equipment, image-pro- 
cessing and in _ guidance 


systems for military use. 

Advanced Micro Devices 
(UK) Ltd, AMD _ House, 
Goldsworth Road, Woking, 
Surrey GU21 1JT, tel 048 62 — 
22121. 


ETI PCB 
Service 


hs long, long last we are happy 
announce that this 


service has restarted. The 
contract with the new suppliers 
was signcad in mid-November 
and by the time you read this, 
work should have begun on 
clearing the backlog of orders, 

A new pricing structure has 
been agreed and there will be a 
number of price changes as a 
result, We are hopeful that not 
all will be in an upward 
direction! We have also made 
use of the opportunity afforded 
by the change to revise the list 
of boards offered, Many boards 
which sold in small quantities or 
not at all have now been 
removed, and we hope this will 
enable us to offer an improved 
service on those that remain. 

Because of all these changes, 
we were not able to prepare a 
full list of prices in time for them 
to be included in this issue. 
Readers who wish to obtain un- 
priced boards listed in the PCB 
Service page will have to 
contact us in order to find out 
the price. We hope to have the 
fill list prepared and checked 
in time for it to be included in 
the February issue. 

Once again, we would like to 


thank out readers for their 
remarkable tolerance and 
understanding during this 


period of difficulties, We look 
forward to offering you a better 
service in the future. 
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® Two new signal generators 
from MS Components cover the 
frequency spectrum from 10Hzto 
450MHz in overlapping ranges. 
The AF model generates sine 
waves from 10Hz to 1MHz and 
square waves from 10Hz to 
100kHz, with a variable 0-5 V, 600 
ohm output, An external sync 
input is provided. The RF model 
covers 100kHz to 150MHz in fun- 
damentals, extending to 450MHz 
on harmonics, The output is vari- 
able from 0 to 0.1V (RMS) and 
modulation is provided by an 
internal 1kHz tone or an external 
tone of 50Hz to 20kHz. Further 
details from MS Components, 
Zephyr House, Waring Street, 
West Norwood, London SE27 
9LH, tel 01-670 4466, 


® The results of the Thandar Fre- 
quency meter competition held 
in ETI, November 1985, will be 
announced next month. 


®@ As we go to press, the Comdex 
showin Las Vegas should be hear- 
ing about Optimem’s eraseable 
optical disc drive. We will be 
bringing you further details of this 
development as soon as possible, 


Lack Of 
Application 


a he disappointing sales of 
microcomputers in the last 
year were blamed on a lack of 
training in applications packages 
at arecent seminar on the state of 
the UK micro market sponsored 
by Barclays Bank, The accusation 
came from Philip Virgo, the Infor- 
mation Technology Manager of 
the National Computing Centre 
in Manchester. 

Virgo pointed out the training 
was unevenly distributed about 
the country, with 69% of all public 
courses being held in London and 
the South-East. The availability of 
software, Virgo said, massively 
outstripped the availability of 
relevant training. For example, 
only two courses were run last 
year covering CAD packages, 
while 175 such packages were on 
the market, 

The previously buoyant com- 
puter market in the UK will con- 
tinue to sink, suggested Virgo, if 
the quality of applications train- 
ing and instructional manuals did 
not improve. 


WeePROM 


H itachi, who claim to be 
Europe’s leading supplier of 
memory products (with sup- 
port for this contention from 
market researchers Dataquest), 
have introduced a miniature 64K 
CMOS PROM with a maximum 
response time of 2ns and power 
consumption of 40mW/MHz in 
active mode and 55yW in stand- 
by. The HN27C64FP is con- 
figured asan8Kx8 memory, is TTL 


For help with Reading and Writing 
01-405 4017 


Since 1975, 350,000 
adults have been helped 
to read and write better. 


If you want help look for 


compatible in both read and 
write modes and is a 28-pin 
device. Itis distinctly unlike more 
conventional PROMs in other 
respects, being a surface-moun- 
ted chip just half the size of other 
64K devices in every dimension, 
It is plastic-packaged and lacks a 
window since, Hitachi argue, 
many manufacturers fail to utilize 
the eraseability of EPROMs for 
reasons of cost and convenience, 
The HN27C64FP is, therefore, 
one-time programmable for use 
with fully debugged systems. 


this sign. 
For further information 


Adult Literacy & Basic Skills Unit 
PO Box 213 London WCIV 7ET 
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IEE and lERE To Merge? 


he Insitution of Electrical 

Engineers and the Institution 
of Electronic and Radio Engineers 
may eventually be merged into 
one body. The proposal! has been 
welcomed bythe councils of both 
Institutions and their members 
will debate the merger at Special 
General Meetings to be held late 
in 1986, 

The proposal was put forward 
by a joint IEE/IERE working party 
which felt that the combined 
body would speak with greater 
authority and would enhance the 
reputation of electrical and elec- 
tronic engineering among the 
public. Other advantages include 


@ The latest volume of the TTL 
Data Book, Volume 3, is now 
available from Texas Instru- 
ments. It covers bipolar program- 
mable logic (PAL and FPLA 
devices) and = schottky TTL 
memories (PROMs, RAMs and 
memory-based code _ conver- 
ters). Itincludes general informa- 
tion and a functional index and 
costs £8.00 inclusive from Texas 
Instruments Ltd, PO Box 50, 
Market Harborough, Leicester- 
shire, 


arationalisation of the publishing 
and other services offered by the 
two bodies and the achievement 


- of a common standard for Char- 


tered Engineering status amongst 
electrical and electronic en- 
gineers. The existence of a single 
body would also simplify the 
accreditation of courses and 
training programmes in those 
tields, 

For further details contact the 
Institution of Electrical Engineers, 
Savoy Place, London WC2R OBL, 
te! 01-240 1871, or the Institution 
of Electronic and Radio Engineers, 
99 Gower Street, London WCTE 
6AZ, tel 01-388 3071, 


@ Marston Palmer have published 
a 14-page brochure which des- 
cribes their force cooled heat 
sinks, Full technical details are 
included and there is a guide to 
designing force cooled assem- 
blies for particular applications. 
Copies of the brochure are avail- 
able free-of-charge from Marston 
Palmer Ltd, Wobaston, Road, 
Fordhouse, Wolverhampton, 
West Midlands WV10 6Q), 0902- 
783361. 


Sealed Push-Button Switches 


D iamond H Controls have in- 
troduced a range of push- 
button switches which are sealed 
against dust and moisture and 
which are suitable for both low- 
level and power switching use. 
The Otto P3 series are double 
pole and come in four different 
case styles, The maximum current 
rating is 10A and the contact 
resistance is 25m. The mechani- 
cal life claimed is 250 000 cycles 
and the minimum electrical life is 


25 000 cycles at full load. 
The switches are made from 


‘aluminium alloy with nylon but- 


tons and are sealed with epoxy. A 
fully waterproof version is also 
available which can withstand up 
to three feet of water pressure. 
The terminals are suitable for 
both screw and solder connec- 
tion, 

Diamond H Controls Ltd, 
Vulcan Road North, Norwich 
NR6 6AH, te! 0603-45291, 


A COMPLETE 
SECURITY 
SYSTEM 

FOR ONLY 
£39.95 + var. 


‘contains: 

Control Unit 

Enclosure & ieee fixings HW 1250 
we Button 2keys KS 3901 
Le LED? 
nag ‘Hern Speaker HS 588 
4 begh quality surface mounting Magnetic Swrtches MS 10265 


With omy @ few hours of your time it is possible to assembée and install an 
effective secunty system to protect your family and property. at the amazingly 
jow cost of £39.965+VAT. Ne compromises have beer made and no corners 
‘have been cut, The outstanding valud results from volume production and 
direct supply. Assembly is straightforward with the detailed instructions 
provided. When installed you cen @npoy the peace of mend that rasults from @ 
secure home. Should you wish to increase the level of sacunty. the system may 
be extended at any trne with additional magnetic switches. pressure pads or 
ultrasonic sensors, Don't wait until it's too late order today. 
| Order Code: CS 1370. 


| EXTENDED SYSTEM CS 1480 Price £62.50+ VAT. ' 


This syste contains. jn addition to the CS 1370, an ultrasonic detector tyne 
| US 8063+ Its enctosure, an additonal horn speaker and 8 further 2 magnetic 

mwitches, This system represents outstanding value for money for the high 

level of security provided. 

Order Code; CS 1480, 


SELF-CONTAINED ULTRASONIC 
ALARM UNIT CK 5063 only £37.00 + VAT. 


Requires no instalaton, Easily assembled using out 
Professionsily built and teated modules. 
* Adjustable range up to 25tt 
*Bullt-in entrance and exit delay 
"Built-in timed alarm 
*Key operated switch—Ol, Test and Operate 
* Provision for an extensbon speaker 
iy «Fully sell-contained 
ay *Uses US 5063, PSL 1865 Key Switch 3901, 
F Speaker 3515 
Now you can assemble a realty effective intruder alarm at this low price using 
tried and tested Riscomp modules. Supplied with full instructions, the kit 
contamns everything necessary to provde an effective warning system for your 
house or flat, With @ built-in LED indicator and tast position tha unit easily set- 
Up requiring ro installation. it may simply be placed on a cupboard or desk. 
Movement withan it range will then cause the built-in siren to produce a 
pene! SOdbe of sound of even 11Odbs with an additional speaker, Alt 
parte incuded and supplied with full instructions for ease of assembly Sure 
200 x 180 x 70mm. Order as CK 5083. 


RiSCOMP 
LiMiTED 


Dept. ET1/28 

51 Poppy Road, 
Princes Risborough 
Bucks HP17 9D8 
(084 44) 6326 
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The heart of any alarm system & the contro! 

unit. The CA 1260 offers every possible feature 

that & thaly to be required when constructing & 

system vehether @ highly sophisticated 

installation or simply controlling a single 

magnetic switch an the front door, 

* Buittan electronic siren drives 2 laud 
speakers 

«Provides exit and entrance delays together 
with fuced alarm time 

* Battery back-up with trickle Charge facility 

*Operates with magnetic switches, pressure 
pads. vitrasonic or |.R. units 
Antivampaer and partic maclty 

* Stabilised output votteg 

“2 operating modes full sari fenti tamper 
and panic facility 

*Scraw connections for ease of installation 

"Separate ralay contacts for external loads 

# Test loop facility 


HARDWARE KIT 
HW 1250 * 


£9.50 

+ VAT. 
Thes attractive case is designed to house the 
control unt CA 1250. together with the 
appropriate LED indicators and key switch. 
‘Supplied wath ihe necessary mounting palars: 
ang punched front panal, the unit is given a 
profesmonal appearance by an adhesive silk 
‘screened label Size 200 x 180 x 700m 


SIREN & POWER 
SUPPLY 
MODULE 

PSL 1865 


switching relay is also included so that the unit 
May be used in conjunction with the US 5063 
to form a complete alarm. 


DIGITAL ULTRASONIC 
DETECTOR 


only 
£13.95 + VAT. 


This advanced module u: 


ses digital signal proces: 
highest level of sensitivity whilst discriminating against potential false 
li 


alarm conditions, 


TWMER SWITCH & POWER SUPPLY MODULE 
DP 3570 Price £13.95 + VAT. 


The DP 3570 consists of on adjustable timer switch and stabilised 12'V power 

supply for use in a wide range of applications including security, lighting cantrot 

and automatic switching 

‘The timer section of the module provides switching of loads upto 3A forpre- | 
‘sat times, the duration of which may be set by the user to between 10-secs and 

5 mins. the timed period may be trigi by the apening ¢ of a loro or the 

closing external contacts. with the timed period commencing 

fret inls of delayed to provide a form of entrance delay, 

The power supply section of the module providies & 12V outoutotupto2 260mA, 
which Is sufficient for most applications, The module operates from either 
f40V mic supply ora 12'V bettery for which trickle charge faciities are included, 
Connections tothe module are by means of screw termanal Connectors withno 

soldering needed. 


for mounting the unit an ettractve moulded 
enclosure is available, 


ME 367 only £2.85 + VAT. 


INFRARED SYSTEM IR 1470 only £25.61+V.AT. 


Consisting of seperate transmitter and recerver both of which are housed in. 


Bysteme, but also ides for phot 
Size 80 x 


Suitable metal enclosure for housing an 
Individual ultiaganec: module type US SOS or 
US 4012. Syppiied with the 


for US 5089 


ang 10 provide the oa pap we 
order SC 3, for US 4012 order SC 4012, 
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LETTERS 


READ/WRITE 


Unbalanced 


Dear Sir, 

There is no way that a practical, 
well-balanced, rational, non- 
controversial answer can be given 
to Anna Paczuska (ETI, October 
1985). 

To attempt it, in detail, would 
take several thousand words and 
would lay open to every kind of 
accusation, from MCP to fascist. 

It is probably the biggest red- 
herring ever strewn in the path of 
an unsuspecting, largely male(?) 
readership. 

Whichever way her problem is 
examined, a serious train of 
thought inevitably arrives at the 
starting point. 

One way of achieving her aims 
— in part, at least, is to campaign 
for sexual equality. Then | can 
retire next year, together with all 
those hale and hearty sixty-year- 
old ladies who, the statisticians 
say, will be going strong when | am 
fertilizing the daisies. 

Yours faithfully, 

(Name and a witheld) 


I’m not quite sure what your objection 
is to an article that takes a cool look at 
a topic of public interest — unless, that 
is, you're opposed to the idea that 
electronics and related technologies 
should be as open to women as they 
are to men. As it happens, this idea — 
in the form of the ul Opportunities 
Act — is a matter of law and public 
policy in this country. While the vast 
la ag of our readers are indeed 
male, that is no reason why they 
should not be concerned about 

the issues of sexual discrimination, as 
you yourself imply, nor is it a reason to 
discourage women from reading or. 
contributing to ETI. — Ed. 


Unbiased 


Dear Sir, 

Thank you for Pranvung an 
electronics magazine that has 
been enjoyed for many years. 
However, recently articles such as 
“electronic weapons being used 
apainet us” — Greenham women 
claim’ (ETI, December 1985), 


- ‘Electronics for Peace?’ (ETI, April 


1985), etc, were included in ETI. 
But note that a politician ma 

voice his opinions such as ‘The 
Greenham women are liars,’ ‘The 
Greenham women recently visited 
Russia,’ or ‘What you said is all true 
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— so what?’ It may surprise you to 
know, that to be fair, whatever 
politicans think is equally valid and 
has to be published (rightly or 
wrongly). 

Such politics has little to do with 
electronics. It does not tell me 
how to bias my transistors. It does 
not tell me why Gallium Arsenide 
works faster than silicon. It does 
not tell me who has developed the 
latest high-speed op-amp. Many 
hours of politics are screened on 
television each day. Most daily 
newspapers publish enormous 
amounts of rubbish — all of which 
! may or may not wish to review. 
ETI is a safe haven from all these. 
Please don’t turn it into a political 
battlefield. 

Thank you, 

Yours faithfully, 
Joseph Michael BSc. 
London. 


Dear Sir, 

! would like to cancel my 
subscription to Electronics Today 
International forthwith and my 
money’s reamining owed to me to 
be refunded. | have enclosed the 
label from my last issue. 

Yours faithfully, 

Sgt. R. Hailstones 

School of Signals 

Blandford Camp 

Dorset. 


Nuff said! — Ed. 


| Got Rhythm 


Dear Sir, 

! read Mr. Phillips article 
entitled ‘The Rhythm Chip’ in ETI, 
November 1985, with interest. 
Unfortunately | think that the 
designer has failed to fully exploit 
the potential of the ook-up table’ 
technique. His meter has a very 
limited range and resolution, 
requiring the necessity of a scale 
change to accommodate a modest 
selection of rates. In addition the 
power consumption of this device 
is probably about 250mA making 
battery operation of this system 
unsatisfactory. A mains power 
supply can be seen in the 
photograph accompanying the 
article although this is not © 
described in the text. From the 
arguments presented it would be 


t 


an advantage if a truly portable, 
low-power system could be 
designed. 

Fortunately this has already 
been done! | have previously 
published such a design using the 
ROM “aah 9 table conversion 
technique. This device was built 
using CMOS chips, has a three 
digit LCD display and a single 
epee of 30 - 300 pulses per minute 
with 1% or better resolution. It was 
intended for battery operation and 
using a CMOS ROM (27C16) 
consumes only 20mA while having 
similar circuit complexity to Mr 
Philips’ design but few discrete 
components and no presets! The 
only function that my rate meter 
fails to achieve is audible tone 
generation, although this is simple 
to add. 

! am surprised that editorial 
review has allowed the wheel to 
be re-invented in an apparently 
inferior way. 

Yours faithfully, 

P.D. Coleridge Smith 

Dept. of Surgical Studies 

The Middlesex Hospital 

London. 


Suppress your surprise and produce a 
project for us. Our contributors are 

our greatest asset and our readers our 
eect inspiration and safeguard. — 


Back To Front 


Dear Sir, 

- | would like to compliment and 
thank KIA for the special accordion 
amplifier AX68, The results are 
excellent, just as | had hoped for, 
and | consider it very good value 
for money. 

! thank Mr. Lawrence at KIA for 
his interest and great patience in 
constructing my special order. 

May | recommend KIA to any 
reader with amplifier problems and 
wish them continuing success in 
the future, 

Yours gratefully, 

J.T. Cormack 

Suffolk. 


The news has finally reached me after 
journeying all the way from the 
Classifieds at the back of ETI that KIA 
advertise with us. My apologies to 
them. Their address, for anyone 
interested, is 8 Cunliffe Road, Ilkley, 
West Yorks, LS29 9DZ. — Ed. ETI 
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ALL ON BOARD 


The PCB has come to dominate contemporary electronics. If you 


still find it difficult to design your own 


Barry Porter shows you 


how to cope with tracks and pads and all the paraphernalia. We 
might say, ‘New readers, start here ...’ 


than a support for the component of a circuit, which 

happens to have built-in interconnections that 
enable the circuit to operate. In reality, it is something 
more than that. A well-designed board can have con- 
siderable aesthetic appeal, although most examples are 
guaranteed to send the average crow rushing out for a 
copy of ‘The Nest Builders’ Cookbook’. It also assists in 
keeping the blood pressure of anyone called upon to 
carry out repairs within tolerable limits, and provides 
additional boozing time by accelerating the construc- 
tion of your latest masterpiece. 

The only difference between bad and good circuit 
board layouts is care. There is no excuse for boards in 
manufactured products being second rate, but there is 
even less reason for one-offs produced by home con- 
structors to resemble a windy nightat a spaghetti factory. 
Time is money to the manufacturer, but the DIY 
enthusiast should not suffer from this constraint. Provid- 
ing you were not short change’ at birth in the patience 
department, and with a gentle nudge in the right direc- 
tion from this Pulitzer prize-worthy epistle, you willsoon 
be producing layouts that will be the envy of your sewing 
circle, and you could soon find yourself giving demon- 
strations to your local WI and Rose Pruning Society. 


The Birth Of The Board 


The object of the exercise is to guide you through the 
design and preparation of the necessary artwork to send 


i nbasicterms, a printed circuit board is nothing more 


OUTPUT 


to a PCB manufacturer. Although it is possible to make 
your own boards, the lato a of time and the 
amount of mess generated are unlikely to be justified by 
the end result, so unless youare prepared to investacon- 
siderable amount of the folding stuff in specialised 
equipment, it is best to leave the difficult bit to a 
professional. : 

Circuit boards usually start their careers as circuit 
diagrams, and the stages dipeesctar) em translate a familiar 
schematic into a finished board begin as a number of 
very rough layouts, followed by one or more attempts to 
transfer these to graph paper at a defined scale. The 
successful graph paper layout is used as a master from 
which the various artwork layouts are generated, These 
consist of plastic drafting film masters for the copper 
tracks, a solder resist mask and the component iden- 
tification screen. If the board is to be double sided, a 
separate artwork is normally provided for each side, The 
artwork will normally be produced at 2:1 scale with 
linear dimensions which are twice those of the final 
board — although for very large boards, it may be 
necessary to work‘same size’, and for very small layouts, 
a 4:1 scale is sometimes preferable. 

To illustrate the various steps in the production of a 
set of artworks, we will start with a circuit for a high 
acai tape record amplifier (Fig. 1), and attempt to 

esign a layout which fits a circuit board with the dimen- 
sions shown in Fig, 2. Any layout is made easier if you are 
free to choose the overall board size and the points at 


PIN 4 OF ICs* 


c14 AOT 
(120p) 


13 220p 


10R 


NOTE: 
1C1,2,3 = NES534 


Fig. 1 Circuit used for layout exercise. 
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which connections to the outside world are made. The 
most difficulttasks involve fixed board dimensions, such 
as the design of a replacement board for an existing 
piece of equipment. Life is further complicated if the 
external connections are made via an edge connector 
with pre-determined locations. Just to ensure that life 
retains some enjoyment, this is the situation that will be 
tackled during the course of this article. 


NOT TO SCALE 


SIGNAL INPUT CL) 


5.70” 
Fig, 2 Circuit board dimensions and edge connections. 


Before getting too involved with the design of a 


specific board, afew basic rules may not goamiss. Circuit - 


iagrams are usually drawn in a way that can almost be 
taken as a worldwide standard. Signal normally pro- 
gresses from an input at the left hand side, through 
various transistor or op-amp stages, to emerge at the right 
hand side. It is usually good practice to lay out a circuit 
board so that it bears a close resemblance to the 
original schematic. 

Inexperienced PCB designers usually fall into one of 
two main traps — running low level inputs and high level 
outputs too close together, so that a circuit that worked 
in breadboard form becomes unstable, and getting the 
earthing arrangements inacobble, which can result inso 
many nasty effects that there is a good chance that if 
alien beings ever pay this world a visit their first words 
will be ‘Hum loop’. (My wife, who assures me that our 
2%2-year-old is an alien, has just pointed out that his 
opening statement sounded more like ‘Bo Derek’). 

Where possible, input and output signal paths should 
be well separated, particularly when there is more than 
about 15dB difference in their levels. Providing the 
operating impedances are low, itis normally quite safeto 
allow the inputs and outputs of low level circuitry to be 
within 0.5”of each other. If an area of track at earth 

otential can be placed between them, it is quite possi- 
Ele toreduce the spacingto0.25”. Poweramplifiers area 
different ball game, and a minimum input to output 
spacing of 3.0” should be allowed, but 6.0” or even more 
is to be preferred. 

Bad earthing practice can cause problems beyond 
your wildest imagination, yet perfectly good earthing 
can be achieved very easily by ensuring that the input to 
output earth path of any circuit simply follows the signal 
through the various stages. The impedance of all earth 
connections must be kept as low as possible, which 
eas using large areas of copper track wherever space 
allows. 

One very popular way of introducing instability is to 
place a continuous strip of copper track at earth poten- 
tial around the outer edge of a board. This is often the 
most convenient place for the earth track to be posi- 
tioned, but it is essential that the circle is broken at one 
pointso that as faras possible, the earth path follows that 
of the signal. 

In designing a printed circuit board, the aim should 
be toarrive at a layout where the components are neatly 
positioned without compromising the performance of 
the circuit. As faras possible, the components should be 
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laced in rows with correct spacing between the mount- 
ing holes. Before laying out any board, it is essential to 
have some examples of the components which will be 
used or obtain accurate dimensions from a data sheet. 
The appearance of many a board has been ruined 
because of anincorrect guess at the length ofacapacitor, 
so pay special attention to your component sizes, as 
plenty of eager gremlins lie in wait for the unwary. 
Some complicated circuits can only be laid out by 
using double sided boards, but the additional cost of 
these — about 25% for a small quantity — is usually a 
sufficient incentive to extract the necessary effort to 
achieve a single sided layout. Whenever possible, the 
use of wire links should be avoided, more as a matter of 
designers’ pride than because of their effect on circuit 
operation. (With Herculean effort, author fights off 
desire to make rude comments about people wholisten 
to bits of wire, and can tell the direction of the molecular 
ime at ten paces on a foggy night in a force 9 
gale. 


Getting Down To It 


Instead of rambling on randomly, let's get on withthe 
job in hand — alayout of the circuit in Fig. 1. Before start- 
ing any design work, it is wise to make sure that certain 
items are at hand: 

1. One each of the various circuit components, or 

accurate details of their dimensions. 

2. Lots of scrap paper for the initial rough design. 

(Goodbye to another Norwegian Pines 
3. Supply of graph paper, slightly larger than the 
finished artwork, with scale markings at 1.00” and 
0.1”. (None of yer metric stuff here — compo- 
nents invariably fit a 0.1” grid.) . 
. Matt surfaced plastic drafting film, same size as 
graph paper. 
. Drawing instruments — pencils, pens, stencils, 
compasses, rule scaled in tenths of an inch. 
. Talcum power (fragrance unimportant). 
. Supply of circuit layout materials (details later). 
. Roll of red transparent adhesive tape. 
. Scalpel with selection of blades, 
10 Pair of good quality 6” engineers tweezers with 
undamaged points. 

Having collected together these ‘tools of the trade’, 
the time has arrived to leave the world for a few hours, 
Find somewhere where your concentration will not be 
disturbed, even if you have to send the family to Disney- 
land and gag the budgie. 


OOND WF fb 


It is a rewarding experience to turn out 


a good, well-planned circuit board... 


The first step is to produce a very rough sketch of 
where the different parts of the circuit will fit onto the cir- 
cuit board. If there are no constraints brought about by 
board dimensions or edge connectors, it is quite easy to 
arrange the circuit parts in a reasonably compact and 
symmetrical manner. Working pee 

imensions, it is necessary to decide where various Cir- 
cuit elements should be placed to fit within the confines 
of the board, and if the external connections have been 
specified, these should be taken into consideration. 

Figure 3 shows the first attempt to fit the Fig. 1 circuit 
on to the designated board. At this stage, the main con- 
sideration has been given to establishing a route for the 
signal input and output tracks, the placing of the three 
integrated circuits and connections to the cides 
potentiometers. 
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At first sight, getting a direct connection from the 
edge connector to the wiper of RV2 is likely to be a pro- 
blem, but one that can be noted and dealt with as the 
design progresses, 


Fig. 3 First rough layout. 


The next task is to produce some rough layouts of 
separate parts of the circuit, this time puttin in all com- 
ponents and the interconnecting tracks, At this point, it 
should be mentioned that most PCB designers produce 
their layouts and art work as it is viewed from the compo- 
nent side of the board. Some people prefer to work as 
though they are pall at the copper side, but this 
method can lead to problems, the most popular being 
ICs with reversed connections — easily idenitifed by the 
emission of grey smoke if not discovered before the 
board is builtand tested, Throughout this article it will be 
assumed that all views are from the component side. 


Fig. 4 Component spacing and layout 


— right (a) 
{b) 


oko 


As the next layout rough is prepared, account should 
be taken of the component sizes and spacing, especially 
with regard to resistors and capacitors. In order that the 
final result is as neat as possible, one aim should be to 
keep the ICs and their associated components in straight 
rows, and not staggered as shown in Fig. 4b. The spacing 
between normal 0.25 or 0.5 W resistors is likely to be 
0.15”, and this does not leave sufficient space between 
the solder pads for the passage ofa piece of track without 
the track becoming too narrow for comfort or the pads 
requiring modification with a scalpel. 


GALLIBEINS "ta 


== TOR 


i UPL Li PAE! AMIE 
Fig. 5 First attempt at input stage layout. 


Without getting too involved in pad and track sizes at 
this stage, while doing the rough layouts, keep in mind 
that tracks passing between 0.15” spaced pads may 
cause problems at a later stage, so avoid the practice if 

ossible without damaging the appearance of the 
ayout. 

The first rough layout of the record amplifier board is 
shown in Fig. 5. Although this has several areas which 
need correcting — for example the input and OV tracks 
will have to be reversed, and the output of RV2 is in 
danger of being trapped by the track going to R11 — itis 
at least a starting point, and as such it Pine a foundation 
of sorts on which to build. 
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The remaining circuitry is shown in Fig, 6. Again, it 
contains a few problem areas, suchas the non-appearance 
of the ‘Record Cal’ track and the rather tortuous path 
from the bottom of C9 to pin 2 of IC3, but these can be 
sorted out at the next stage. 


Slow On The Draw 


Having produced a satisfactory rough layout with 
sufficient accuracy to establish that it is not necessary to 
use a double sided board, and that wire links will pro- 
bably not be needed, itis possible to attempta correctly 
scaled layout on graph paper. 


In designing a printed circuit board, 
the aim should be to arrive at a layout 


where the components are neatly 
positioned without compromising the 
performance of the circuit... 


From now on, everything must be related to the scale 
of the artwork — in our case, 2:1 — so care must be taken 
to double every dimension. Experience has shown that 
this is not always as easy as it sounds. It is quite easy to 
drawsmall components with correct dimensions, simply 
by counting squares on the graph paper, but with larger 
items such as electrolytic capacitors, it is very easy to 
make a mistake, and the distance between mounting 
holes should always be checked by measuring them 
with arule calibrated in tenths of an inch, The time spent 
doing this should not be considered as wasted, especially 
if you have ever suffered the sinking feeling when you 
realize that a component will not fit a board because of 
your own lack of care. 
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If your board dimensions are not fixed, you should be 
able to estimate an approximate size, which will give you 
an idea of the size of graph paper you need. With an 
established board size, an outline of the board should be 
drawn — inink— tothe correct scale and any fixed com- 
ponents, mounting holes or edge connector details 
added using a fine felt tipped pen or similar. 

In our example, the only restraint apart from the 
overall board size and edge connector positions is the 
placing of the three pre-set potentiometers which are 
required to line up with similar controls on other boards 
in the recorder. The outlines and mounting holes of 
these are therefore drawn in ink, and then eine a soft 
pencil, an attempt is made to transfer the rough layouts 
of Figs. 5 and 6 on to the double sized graph paper 


grid. 

Although this may be done freehand, keep everyth- 
ing as neat as possible. This is the best way to ensure 
accuracy. It’s worth repeating that, unless absolutely 
necessary, all components should be in neat rows and 
not scattered haphazardly round the board. If your cir- 
cuit uses ICs, these should lie along the same line, and 
should be placed in the same direction — which nor- 
mally happens automatically if the power rails are run 
between the rows of IC mounting pads, and don’t 
approach each device from a different direction. The 
sign of ultimate neatness is when groups of polarized 
components, such as diodes or electrolytic capacitors, 
all have their positive ends esa Sell same direction. 
Figure 7 shows some examples of how electrolytics and 
diode bridges may be laid out, (d) and (f) illustrating how 
they should be positioned for the best appearance. 

If you are having a good day, you will achieve a satis- 
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Fig. 7 ae of diode bridge and electrolytic capacitor 
ayout. 


factory layout before your local graph paper factory has 
to start working overtime. Do not be surprised if it takes 
three or four attempts before you are happy. It can often 
be beneficial to get an electronically inclined colleague 
to give your layout the once-over, as this can often result 
in the discovery of glaring mistakes which would prove 
expensive if not corrected. 

To be continued. ETI 


Its easy to complain 
about advertisements. 
But which ones? 


Every week millions of advertisements appear in print, on posters or in the cinema. 
eee of them comply with the rules contained in the British Code of Advertising 
actice. 
But some of them break the rules and warrant your complaints. 
If you're not sure about which ones they are, however, drop us a line and we'll 
send you an abridged copy of the Advertising Code. Then, if an advertisement 
bothers you, you'll be justified in bothering us. 


The Advertising Standards Authority. 


If an advertisement is wrong,were here to put it right. 
ASA Ltd, Dept 2 Brook House, Torrington Place, London WC1E 7HN 
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A short story for Christmas by John Linsley Hood 


After all, trying to get a linear timebase out of inductive ' 
deflection coils is a pretty tricky task.’ 1 
‘I did think of that’ admitted Fred, ‘but| checked on my 
other’scope’ and he indicated his old standby, a 1940's 
portable job with a screen fully one inch across. ‘As you 
can see, the waveform is perfectly OK, without a trace 
of kinkiness.’ 
‘Whereabouts are you looking’, | asked, thinking thata 
ood magnifying glass would be a useful accessory. ‘Is 
thatthe waveform at your timebase generator or actually 
on the deflection coils - because these probably 
interact.’‘No,’ said Fred, ‘I’ve checked, and the timebase 
wee is quite clean. That's a real negative time 
effect.’ 


common — they all think their latest idea is going to 

make them rich and famous, and that a life baskin 
on the sands of the Bahamas or wherever is just roun 
the corner. 

Having said that. they come in two very different 
kinds. The first just have a bright idea ...... in principle, 
and they would like someone with the right kind of 
technical knowledge to put theirinvention into practical 
shape, and make it work. This, they feel sure, willbe quite 
a simple job. The other kind, and they are vastly prefer- 
able, get the idea... and then become immensely secre- 
tive while they put it into practical form. 

My old friend Fred, of the electronics components 
shop, happily came into the latter category. | call him’my 
old friend’, because I’ve known him for years, well, prac- 
tically as long as | have been interested in electronics, 
andt elets me come behind the counter of his shop, and 
up to his little workshop in the attic. Also, Peggy, his kin- 
dly and long-suffering wife, has brought us up innumer- 
able cups of coffee while we have been busy tinkering 
with electronics - or simply setting the world to rights. 

However, | also reflect that, in althe years I’ve known 
him, he's never knowingly let me have anything in the 
way of electronic gear at less than the full retail price! 
Still, | suppose that’s just because he’s a very good 
businessman: certainly his little shop is a treasure trove 
of bits and pieces of electronic kit, including quite alot of 
fairly scarce components, 

At the time | am thinking about, which was a very wet 
and dismal day in early November a few years ago, | had 
called at his shop on my way home from work, and Peggy 
had sent me up to his attic with the comment that he had 
hardly stirred from there all day and was busy on some 
project or other. The task on which he was engaged 
turned out to be the conversion of a rather grotty old 14 
inch TVintoan oscilloscope, and he'd got a aie getting 
a single line timebase scan across the centre of the 
screen, with a whopping great kink in the middle of 
the trace. 

‘You've got a problem there,’ | observed, ‘looks as 
haa oe you are getting some breakthrough from your 
timebase into your ‘Y’ axis.’ At this Fred turned round to 
me with a seraphic smile. ‘Your problem,’ he remarked, 
‘is that you've got no imagination. What you see here is 
the beginning of a great technical discovery - the sort of 
thing which great Brains have laboured to uncover for 
generations, and I’ve been the one to do it!’ 

‘That loop in the trace is due to electrons travelling 
backwards in time. Time is linear across the screen, so 
any kink in the trace across the screen must be time 
going backwards.’ He turned back to his brainchild with 
a look of triumph, ‘Don’t you see what that means?’ 

‘Well, yes,’ | said, ‘l would agree with you if that was 
what was really happening, but I'd be prepared to bet 
that your scanning waveform has also got a kink in it. 


t n my experience, inventors all have one thing in 
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‘Don’t you see the implications of this? When I've 
modified the circuit a bit, to slow everything down, | can 
get from a millisecond, to a second, to a minute, and | 
maybe to hours. Then all sorts of things will be possible, P| 
from TV cameras at airports or railway stations to record « 
accidents before they actually happen so that they can 
be prevented, to letting me, before | tell anyone else 
about it, make a few millions on the pools or the stock 
exchange. Meanwhile, I'm afraid that | shall have to 
keep the details of my actual circuit pretty confidential. 
After all, we wouldn't want details to get out before I'd 
finished the design, would we.’ And with that, he took 
me bythe elbow, and gently, but firmly, piloted me out of 
the room. 


y 


' 
oY 


9 
Ye bth 

> 

© 


N 


* * * 


Downstairs, over a cup of coffee, | explained Fred’s | 
latest scheme to Peggy, and apologised for my unsym- - 
pathetic attitude to Fred’s discoveries. ‘I'm afraid,’ | . 
added, ‘that there are much more plausible explana- » 
tions than time travel for the knots he has got in his 
timebase.’ 
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‘You know, he’s made things much more difficult for 
himself by starting with an oid TV witha magnetic deflec- 
tion system, simply because he happened to have onein 
his junk pile. In any case, if he wants a better’scope than 
that old museum piece of his, why doesn’t he buy him- 
self one. It isn’t as though he can’t afford it. Especially 
since I’m sure his accountant would allow it as a 
legitimate business expense.’ 

epsy agreed, but gave me a thoughful look. ‘Never 
mind,’ she said, ‘it’s keeping him busy, and he’s happier 
than he’s been for months, 

| called atthe shop, from time totime overthe next few 
weeks, so that Peggy could give me periodic progress 
reports on the development of Fred’s invention. ‘He’s 
got his time advance up to several seconds now she 
observed, a week or two later. ‘He’s organised it so that 
photocells stuck on the TV screen trigger relays as the 
spot passes by them, and he’s got them connected so 
t a they can switch on other things, one before the 
other’, 

‘{ don’t really understand the technical bits, but | think 
that what he is now trying to do is to connect up another 
TV, with the same kind of electronics, so that the first will 
switch on the timebase of the other before it has itself 
started, and that then switches on the first, and so on, 
building ap quite a big time advance.’ 

‘Then’, she continued, ‘you close a contact to get the 
first one going, and you choose whichever of the relays 
you want, depending on howfar into the future you want 
to go. Fred says that if you had enough TVs you could get 
as big a jump into the future as you wanted.’ 

‘Of course,’ she said, ‘he’s only got two TVs to play with 
at the moment - I’ve refused to let him have our colour 
telly in the living room - and so, until he gets things 
organised, he can’t make his time jump get very far. Do 
you think we could help him a bit? 

‘I'm afraid that my problem here, ’ | commented, ‘is 
that | think that the whole scheme is just a load of 
eyewash, which means that | wouldn’t be very 
enthusiastic as a collaborator. Besides which,’ |added, ‘I 
don’t really think he’d let me in his workshop at the 
moment’. 

‘Neither do |,’ grinned Peggy, ‘that wasn’t what was in 
my mind. | don’t honestly have any more faith in Fred’s 
latest invention than you do, after all, we’ve been this 
way before, but it keeps him happy, and I'd like it to last 
till Christmas’;. 

‘What he was telling me, last night, was that he was 

ming te fix his gadget in series with the shop door bell, so 
that he can see on the closed circuit TV system who is 
going to come into the shop before they actually do. 

hen if he can get that working properly, he'll try getting 
a bit more ambitious.’ : 

‘Well, yes, that seems a fair enough test, so far, but 
where do | come in?’ | asked. Peggy gave me a con- 
‘lbaenbel ae and continued. ‘At the moment, as you 
know, we don'tactually have a contact on the door. Fred 
pot fed up with the bell ringing continually if someone 
eft the door ajar, and so what we have is a pressure 
switch under the door mat, which works when someone 
stands on it. What I’m wondering is whether we couldn't 
move it forward a bit, or perhaps have some kind of 
oe eapte system which! could movealong, forwards or 

ackwards, depending on whether Fred thinks he is 
making progress.’ 
* * * 

| looked at Peggy with new eyes. This was a degree of 
skullduggery of which | had never haute thought 
her cavacla ‘Allright’, | said,‘I’ll help, but what's the long 
term intention?’ — at which Peggy explained. 
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The necessary electronics for a reflex photocell 
system, which was not too conspicuous; and which 
Peggy could slide along a side window, which looked out 
on the passage leading to the shop door, were not too 
difficult to organise, and, on occasions over the following 
week or so, you might have noted Peggy and me in the 
kitchen poring over catalogues and specification sheets. 

Forawhile, Peggy's planto keep Fred happy, evenifhis 
progress was more illusory than actual, worked quite 
well, but about a week before Christmas she reported 
that he was beginning to have doubts about his inven- 
tion, and to feel that, perhaps, he might be on a wild 
goose chase. Still, she thought he might not give up quite 
yet, since he had, last night, thought of yet another 
scheme for organising his TV timebases which might just 
do the trick. 

On Christmas Eve, which was a Saturday, Fred was 
feeling particularly optimistic, and happily accepted the 
i neg that he should fix his closed circuit TV camera 
so that it would look right down the street. A mid- 
morning phone call alerted Peggy, and I, as look-out, 
signalled to Peggy when to ring the door bell.‘It works, it 
really works,’ shouted Fred, as he dashed down the stairs 
— just in time to see the delivery man make his pre- 
arranged, second walk up the street, and hand Fred a 
fairly heavy parcel. 

‘Happy Christmas’ said Peggy, and pointed to the 
photocell system in the window, and to her fellow con- 
spirators. ‘I’m afraid that they had to give a bit of help to 
your ‘future machine’ but | think that the ‘present’ looks 
OK.’ -and watched as Fred, with a mixture of astonish- 
ment and delight, unwrapped a shiny, new, twin beam, 
DC to 20 MHz, 1mV sensitivity, storage oscilloscope. 

‘Now you'll really be able to sort out the kinks in your 
timebase waveforms ..... that is if you still want to con- 
tinue in the DIY ee trade.’ said Peggy, as Fred 
poked buttons and twiddled knobs with a grin like a 
Cheshire Cat. 

You know there are times when | wonder whether | 
have misjudged the old codger. As | said, all of this hap- 
pened some years ago, and had largely passed out of 
my mind. 

hat reminded me was the occasion, just a few days 
ago, when I'd called in his shop to pick up some transis- 
tors he’d ordered for me, and Fred said that since it was 
coming up toChristmas, if | could findanyoneinterested 
in buying a 14 inch Black and White telly, partially con- 
verted for use as an oscilloscope, | could have another 
one, as a present. 
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It could be a GaAs, man, but we’re not likely to see much gallium 
arsenide around outside of LEDs for quite a while yet. Stuart Smith 
investigates the wonder semiconductor. 


o appreciate how Gallium Arsenide (GaAs) devices 
T work, and why they are superior in many respects 

to silicon-based devices, It is necessary to under 
stand some of the fundamental physical properties of 
semiconductors. At the risk of covering already well- 
known territory, the next few sections will cover some of 
this ground. 


Energy Bonds 


It's a fact of life that electrons in an atom can have 
only certain energies. When the atoms are bonded 
together to make a crystal, the electrons can have 
energies within certain allowed bands, which may over- 
ee he ‘band structure’ (Fig.1) of solids determines 
whether they are conductors, semiconductors or 
insulators. 

Electrons with energies within the valence band are 
attached to particular atoms in the crystal. They cannot 
move through the crystal and contribute to conduction. 
Electrons in the conduction band have sufficient energy 
to escape the attraction of the nucleus and can move 
through the crystal under the influence of an applied 
electric field. 


Band Gap 


The basic difference between insulators, semicon- 
ductors and conductors is the size of the energy gap 
between the valence and conduction bands, because 
this governs how easy it is for an electron to enter the 
conduction band. In metals the bands overlap- there are 
always conduction band electrons available, so metals 
are good conductors. 

In insulators the gap is so wide (over 3 or 4eV) that 


= 


MLPEPLL EEE LS 
“CONDUCTION 


YM ON BANO ZA 
BAN Y, Lf ERND YALA) 
Rees ee 
Siteeenencerreene SSE 


WS 


z 
23 
4 
ge 
ao a 
we 


VALENCE BAND 
SRR 
SEMICONDUCTOR INSULATOR 


Fig.1 Energy band diagrams. 


virtually no electrons enter the conduction band at 
reasonable temperatures, 

Inasemiconductor the band gap is about 1 eV, which 
leads toa resistivity midway between insulator and con- 
ductor. At absolute zero temperature (-273°C) the 
valence band is completely filled and the conduction 
band empty. At higher temperatures some electrons 
gain sufficient energy from the thermal vibrations of the 
crystal to leave the valence band and jump into the con- 
duction band. The number of conduction band electrons 
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is exponentially related to temperature. 

There are several elements and alloys with band gaps 
inthe 1eV region but for various reasons not all of them 
are suitable for electronic devices. Table 1 shows the 
important electronic properties of Germanium (Ge), 
Silicon (Si) and GaAs. Some of these properties are 
discussed below. 


Excitation And Recombination 


It's possible to raise the energy of an electron in a 
crystal by several methods: heating it, shining a light on it 
or applying an electric field to it. When an electron is 
excited from valence to conduction band it leaves 
behind a vacant energy level (or state) called a hole. The 
hole behaves like a positive charge. 

Electrons donot stayin the conduction band forever: 
they naturally ‘fall back’ into the valence band - but they 
must fall into a hole. This process is called recombina- 
tion, and it releases energy, the energy the electron 
originally gained to enter the conduction band. The 
energy may be released as heat, lightor both, depending 
on the type of material. 


Doping 

To make useful electronic devices, it’s usually neces- 
sary to control the conductivity of the materials by alter- 
ing the number of holes and electrons in the material 
which are available for conduction. This can be done by 
adding small quantities of other materials called ‘dopants’ 
to the pure (intrinsic) semiconductor. Ifthe dopantadds 
electrons, itisa donorandthe resulting semiconductoris 
called n-type. If it adds holes it is an acceptor and the 
semiconductor is p-type. 


Temperature 


The relatively high bandgap of GaAs means that at 
normal temperatures {-20°C to 100°C or so) the amount 
of free carriers (electrons or holes) is minimal compared 
with those introduced by doping. This is still true at high 
temperatures. Some GaAs devices are usable at up to 
400°C and most will work at temperatures between 
-200°C and 200°C. The range is much wider than for 
silicon devices. 

Mobility 

When subjected to an electric field, electrons acce- 
lerate towards the most positive point. In a crystal this 
does not continue forever, as the electrons eventually 
collide with the crystal atoms. Collisons may even cause 
the electrons to reverse direction. Overall the electrons 
can be said to reach a mean or drift velocity whichis con- 
stant and proportional to the applied field, The ratio of 
electron speed to applied field is called the electron 
mobility, and it is much higher in GaAs than in silicon. 
Electron mobility governs the switching speed of transis- 
tors and GaAs devices are therefore much faster than 
their silicon counterparts. There is a limit to the drift 
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velocity attained as the applied field is increased, but 
this limit is higher in GaAs than in silicon. CONTAINS FINED FOS 
AND NO FREE CARRIERS, 
HAS HIGH RESISTIVITY 


Photoconduction And Photoemission 

A quantum of light energy (a photon) can, if it has the 
right frequency, transfer all it’s energy to an electronand 
cause it to jump into the conduction band. The relation- be 
ship between photon frequency and energy is: MANY FREE 


HOLES LOW 
RESISTIVITY 


E=hv, where 

E is energy in Joules (J) (1eV=1. 6x10), 
his Planck’s constant, 6.63x1074Js, 

v is light frequency in Hertz. 


Below a threshold frequency, Vin =E,a,/h, the elec- REDUCED DEPLETION 
trons cannot gain sufficient energy to cross the band gap apricot chaging 
and will not be excited. At a frequency greater than V;,, 
the light will cause excitation and generate electron- 
hole pairs, so the conductivity of the material will 


increase with light level. Cadmium Sulphide (CdS) hasa REPLENISHED Ng 
band gap of 2.42eV which gives it a response to light a ae 
similar to that of the human eye. Other semiconductors lhe 


respond well to infrared or lower frequency elec- ess 
tromagnetic radiation. 


Light Emitting Diodes 


FEATURE: Gallium Arsenide | 
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MANY FREE 
ELECTRONS 
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RESISTIVITY 


ELECTRONS 
REPLENISHED 
HERE 
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As we have seen, electrons eventually recombine CONTINUOUS 
with holes, giving up their sir Lib heatorlight. Recom- OCCURS HERE 
bination in Si produces mostly heat. In GaAs, recombina- 


tion gives off light in the infrared. By adding Phosphorus Fig.2 PN junction with no bias applied (a) and with forward 


(P) to the GaAs the band gap is increased and the emis- | bias (b). 
sion moves towards the blue end of the spectrum. GaP saaare : —— . 
LED’s emit green light. flow, recombination and light emission continue as long 


el pate Br ike Lue saath n type pans jor as the forward bias is applied. 
GaAsP, or GaP). In the bulk of the diode, away from the . 
junction, there are a lot of free carriers (Fig.2a). Applica- Semiconductor Lasers 


tion of a forward bias voltage (Fig.2b) makes it easy for The semiconductor laser is a device of great impor- 
electrons to leave the n region, cross the junction and tance in modern communications. Fiber-optic data 
enter the p region. Here there are many holes, which transmission using a semiconductor laser as the light 
recombine with the electrons. The holes are continually source allows the transfer of huge quantities of informa- 


replaced by fresh ones at the diodeanodesothecurrent _ tion over large distances at great speed. 
To use an optical! fiber at high speed over an appreci- 
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able distance (say several kilometers), a number of con- 
ditions must be satisfied: ; 

1, The laser light must be capable of being mod- 
ulated at a high rate; : 

2. The light must be of a single frequency to avoid 
spreading of pulse edges; 

3. Thelight must be very intense to allow large spac- 
ings Between repeaters (which pick up weak. 
signals, amplify and retransmit them); 

4. The light source must be very efficient, for low 
cost and power consumption. 

Semiconductor lasers fulfil all these requirements. 

The basic principle of the laser is quite simple. We 
have already seen that electron-hole recombina- 
tion releases energy. In most cases recombination occurs 
randomly and spontaneously. Any photons given off in 
the process are in random phase with one another, The 
light so produced is said to be incoherent. 

The presence of photons of the wavelength corres- 
ponding to the band gap energy can cause recombina- 
tion, accompanied by emission of light. This ‘stimulated 
emission’ is in phase with the photon which caused the 
emission, The light amplitudes add in phase and the 
resulting light is very intense and coherent (Fig. 3). 

We also know that photons can be absorbed by the 
material, causing the electrons within it to be excited 
into the conduction band. In order for there to be a con- 
cae output of coherent light, two conditions must 

revail. 
1. There must be a high density of photons in the 
material, so that more stimulated than random emis- 
sion occurs; 

2. There has to be an electron’ population inversion’ 
— a greater number of electrons in a high-energy state 
than alow-energy state. This ensures that more emission 
than absorption takes place. 
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Fig.3 Spontaneous and stimulated emission of radiation. 


The first requirement is met by creating an optical 
resonant cavity — simply a bar of material with mirrored 
faces sothat the lightintensity builds up within the cavity 
by repeated reflections. _ 

Population inversion occurs in the semiconductor 
junction’s depletion layer. Itis called the depletion layer 

ecause it usually lacks carriers (holes or electrons). At 
high currents, however, it is far from depleted. There is a 
continual stream of high-energy carriers being injected 
into the junction and swept away. Overa short distance 
in the junction there can be more conduction than 
valence band electrons. 

The basic structure of aGaAs/GaAlAs injection diode 
laser is shown in Fig, 4. The laser action takes place at the 
junction between the p’GaAs and the n-GaAlAs callin 
aluminium arsenide). The regions immediately adjacent 
to these perform two functions: 

1. They confine the light to a narrow region because 
they have different refractive indices to the junction 
materials; 

2. They keep the volume within which population 
inversion takes place small, so reducing the threshold 


current at which laser action begins. The effect occurs — 
because the band structure of the materials forces the 
carriers to recombine in the narrow region near the 
unction. 
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g. 4 Simplified diagram of GaAs/GaAlAs diode laser. 


For optical fiber communications the GaAs/GaAlAs 
laser is being replaced by a GalnAsp (gallium-indium- 
arsenic-phosphide) diode onan InP substrate. Byadjust- 
ing the relative quantities of Ga, In, As and P in the diode 


it is possible to adjust the band gap so that the emitted 
light has the wavelength at which the fiber is most 
transparent. By the same means the lattice constant (the 
distance by which atoms are separated) can be adjusted 
independently of the band gap. This allows the growth of 
diodes directly matched to the InP substrate. 

The present aim is for systems using 1.5 to 1.65 um 
radiation modulated at 2 Cigebitateer: With the latest 
optical fibers signals may be sent up to 100km with- 
out repeaters. 


The Gunn Diode 


The Gunn diode is atwo-terminal device used in mic- 
rowave oscillator circuits. It has a variety of different 
modes of operation, but its basic principles can be 
understood with reference to resonant circuits. 

Acommon LC circuit, when stimulated by step input 
voltage, will oscillate at a frequency f=1/(2m,/LC.) The 
oscillations will die away exponentially, however, because 
of resistive losses (damping) in the circuit, (Fig. 5a). 
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Fig.5 LC oscillator with damping (a) and with negative resis- 
tance applied (b). 
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In most oscillators, these resistive losses are compen- 
sated for by feeding backan amplified version of the out- 
putto the inputin sucha wayas to sustain the oscillation. 
Another approach is to use a device which exhibits 
1 ala resistance over part of its I-V charactersitic (Fig. 
5b). 

Areal negative resistance would be very valuable! In 

ractice, we find some devices for whichasmallincrease 
in applied voltage causes a small decrease in current 
flow Fig 6). Strictly speaking, they have negative dif- 
ferential resistance and a suitably doped piece of GaAs 
exhibits this property due to its band structure. 

Electrons in GaAs can be excited into the conduction 
band by an applied field. Up to a certain threshold field 
(about 3kV/cm) the electron drift velocity increases 
with field strength, since the mobility is constant. Above 
the threshold field the electrons gain sufficient energy to 
reach part of the conduction band where their mobility 
is much smaller because of the increased probability of 
collisions. The conductivity of the GaAs drops. Small 
increases in field cause more electrons to enter the low- 
mobility region and the current falls — this is the negative- 
resistance region. This property is utilised in Gunn 
diodes and makes the devices useful for circuits of the 
form shown in Fig. 5. 

The Gunn diode (named after J.B. Gunn who dis- 
covered the principle of producing microwaves by the 
application of a steady voltage in 1963) is formed froma 
single section of n-type GaAs. The GaAs is unevenly 
doped so that, with the application of a suitable votlage. 
both high and low mobility electrons are liberated. The 
crystal becomes partitioned into areas of different- 
intensity electric field. In the negative-resistance region 
of operation, the existence ofa highest-intensity area, in 
which electron density is greatest, will cause an increase 
in current flowing into the area and a decrease flowing 
out of it. The domain of high-intensity charge builds-up 
and is eventually attracted to the anode end of the GaAs 
crystal. It travels through the crystal, a packet of charge 
not altogether unlike a spark bridging two electrodes in 
the air, producing a spike of current at the anode. The 
process repeats itself, generating a microwave output 
which has reached 65mwat 2GHz continuous and up to 
200w pulsed. 


Transistors And ICs 


_ Although GaAs transistors for microwave applica- 
tions have been available for some time, the develop- 
ment and production of integrated circuits is still in its 


Surface of microwave GaAs chip (GEC Hirst Research 
Centre). 
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Fig.6 Negative resistance characteristic of doped GaAs. 


infancy — commercial ICs have only been on the market 
since early 1984. 

GaAs integrated circuits are difficult to make: the raw 
material cost is high, defect-free wafers (circular slices of 
single-crystal semiconductor) are hard to obtain and the 
processing of them is difficult (Fig. 7). To take full advan- 
tage of the spend of GaAs, the devices need to be very 
small, stretching the limits of current technology. In 
addition, the wafers are brittle and have to be handled 
more carefully than silicon. 

On the other hand, GaAs devices promise higher 
speed than silicon at lower power levels, which should 
allow higher levels of integration before heat dissipation 
becomes a problem. As yet only MSI devices have been 
produced in commercial quantities. 

Most of the work currently being done on GaAs 
integrated circuits concentrates on ultra-high speed 
digital circuitry. Results so far indicate that GaAs devices 
may rival superconductor Josephson junction devices .- 
for speed — and, more importantly, they are available 
now and developing oe Current commercially 
available logic circuits feature gate delays of around 
sane and maximum counter clock rates of around 2 
to z 
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Fig.7 Some defects in crystal structure capable of causing 
device deterioration. 


It is useful to look at what makes an ideal transistor 
switch for digital integrated circuits. It should be small, 
so that large circuits can be fabricated in a small space. 
This reduces the likelihood of encountering a wafer 
defect and so increases the yield. It should consume 
very little er so that heat dissipation at high circuit 
densities does not become a problem. It should require 
very little voltage change between the on and off condi- 
tion. This reduces the switching time as less charge has to 
be put on to or removed from internal capacitances dur- 
ing switching. Finally, its control input should have low 
capacitance, again to reduce switching time. 
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Fig.8 Cross-section of D-MESFET (not to scale). 


Most current GaAs integrated circuits use depletion- 
mode metal-semiconductor field effect transistors (D- 
MESFETS), as these are the easiest devices to produce 
(Fig. 8). Unfortunately a negative gate voltage is required 
to turn these devices off, while the outputis positive (Fig. 
9). They require two power supplies (plus earth), and 
ok ene circuitry between circuits (Figs. 11, 12 
and 13). 
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Fig. 9 Id against Vgs for a D-MESFET. 


Enhancement-mode FETs (E-MESFETs) have been 
produced, but they are not yet at the mass production 
stage. Their construction is similar to that of the D- 
MESFET but the channel is very shallow and lightl 
doped so that the built-in potential of the meta 
semiconductor junction keeps the channel pinched off 
with no extern gate bias. Thus the E-MESFET is normally 
off. It requires only about 0.1V gate potential to turn on. 


This isa definite advantage for high speed and low power 
circuits, but requires very tight control over processing in 
order to keep the threshold voltages within a very 
narrow range, or else the devices become overly suscep- 
tible to noise. E-MESFETs are also difficult to fabricate as 
the channelis very lightly doped and surface defects can 
easily pinch off the channel — various structures and 
geometrics are being tried to avoid this. 
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Fig.10 Cross section of High Electron Mobility Transistor 
(not to scale). 


Other devices under development include the A a 
electron mobility transistor (HEMT) (Fig. 10) and the 
heterojunction bipolar einpilis. 4 ie T). Up till now | 
have only mentioned field effect (um(olar) transistors. 
An NPN sandwich made entirety ¢ GaAs does not 
work well as a transistor, partly beeguse holes, which are 
the dominant carriers between gase contact and active 
base region, travel rather slowly in GaAs. A much better 
transistor can be made with an n-GaAas emitter and a p- 
GaAs base. Work onthe HJBT is notasfaradvancedason | 
the various FETs, but it could be the best device for very 
high speed VLSI. Single-transistor switching speeds of 
1ps and logic swings of 250mV have been predicted. 

The current dominant technology is the D-MESFET. 
Several logic structures are in use, just as silicon bipolar 
circuits are available in TTL.LSTTL,1? Land ECL Buffered 
FET Logic, Schottky-Diode FET oe and Capacitor- 
Diode FET logic gates are illustrated in Figs. 11. 12 and 
1 


Even aftera GaAs circuit has been produced, the pro- 
blems are not yet over. To preserve reasonable pulse- 
shapes at, say, 1 GHz, circuits have to deal with frequency 
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Fig.11 Buffered FET logic (BFL) NOR gate. 
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components up to 3GHz. The digital designer will have 
to utilise microwave design techniques such as im- 
pedance matching of chips to interconnections to avoid 

ulse reflections. Supply decoupling becomes vastly 
Important, and the capacitors used have to behave pro- 
perly at GHz frequencies Testing is likely to become 
another large (and expensive) headache. 
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Fig.12 Schottky-Diode FET logic (SDFL) NOR gate. 


The Market 


The major semiconductor manufacturers have, on 
the whole, stood back and waited to see where GaAs is 
going — after all, the market for high speed bipolar and 

OS devices is not going to go away just yet. Also, there 
is a world shortage of engineers qualified to develop 


FEATURE: Gallium Arsenide- 


Harris Semiconductors and Gigabit Logic. Both have a 
range of small scale integrated circuits (NOR gates, D- 
types, dividers and, for example, shift registers), which 
work at around 1 to4GHz clock rates, Harris also market 
a range of discrete GaAs FETs for use at up to about 
18GHz. They have also released preliminary data ona 
Tee array. Both companies sell an evaluation kit for 
their ICs. 


The Future 


Future markets for GaAs integrated circuit include 
the Direct Broadcast by Satellite system, very high speed 
computers, optical communication and phased arra 
radar. As for the future of the technology itself, 
researchers at Glasgow University have produced tiny 
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Fig.13 Capacitor Diode FET logic (CDFL) NOR gate. 


GaAs devices. This is probably a good reason for not MESFETs with only 75nm wide gates, while Sheffield 


spreading them too thin on the ground. 

In this country there are only a few suppliers of com- 
mercial GaAs integrated circuits. GEC’s Hirst Research 
Centre has produced several microwave amplifier chips 
with DC-12GHz response, and they are developing 
higher frequency and higher power circuits. 

The two major UK suppliers of GaAs logic circuits are 


University has demonstrated an all-optical switch in 
GaAs/GaAlAs which holds promise for all-optical logic 
(which may be very fast, indeed). Inevitably GaAs 
development will be largely determined by the military 
value attached to high-speed temperature and radiation 
resilient devices. The rest of us will have to wait to savour 
the benefits of this remarkable material. 


Microwave amplifier device (GEC Hirst Research Centre). 
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Ultra-fi buffs should be prepared to have their illusions if not 


their best crystal glass-ware shattered as the second in our series 


of sound-processing units excites the airwaves and the eardrums, 
courtesy of Allan Bradford of Time Machine Sound Engineering. 


ural ‘Exciters’ have been 
Apes for some ten years. 

They have been used almost 
Gniversally by up-market recording 
studios to improve the perceived 
clarity of recordings, giving an 
extra edge to their products. Since 
the idea of aural enhancement 
was first promoted by Aphex, 
much marie has grown to 
shroud the technique —not 
surprisingly, because the 
promoters knew they were on toa 
good thing. In fact, this technique, 
which ‘miraculously cleans up 
dodgy recordings and adds sparkle 
to good ones, is astonishingly 
simple. 


The Sound In Your Head 


Psychoacoustics is the study of 
the perception of sound. The brain 
seems to rely on high order 
harmonics for much of our 
perception of detail in complex 
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Fig. 1 Harmonic generation. 
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sound structures. These 
harmonics, being of low 
amplitude, are the first to be lost 
in recording due to noise and poor 
high frequency response. 

If there was a way of restoring 
these low level, high order 
harmonics, then much of the 
original clarity and detail of the 
recorded sounds would be 
recaptured. Improbable? Right. So 
let's cheat, and — surprise, 
surprise — we have the 
technology! 


Harmonic Generation 


Imagine that the sine wave of 
Fig. 1a is mixed with a small 
amount of third order harmonic 
(Fig. 1b). The result is shown in Fig. 
1c. Fourier symmetry tells us (as 
we physicists say) that we could 
bend a pure sine wave using 
some non-linear network to 
resemble the waveform of Fig. 1c, 
in effect creating a third order 
harmonic component added to 
the fundamental. There is no 
theoretical problem with complex 
sounds, since any waveform can in 
principle be reduced by Fourier 
analysis to component sine waves. 

Now, we can bend a sine wave 
quite easily. Simply clipping it as in 
Fig. 1d will generate harmonics — 
the heavier the clipping, the more 
harmonics are produced (the 
more it approximates a square 
wave). The amount of clipping and 
consequent harmonic generation 
are very much dependent on 
signal level. In the Activator, a 
sophisticated system is used so 


that the ‘bending’ is like that of Fig. 


1c and is independent of signal 
amplitude. 
Doing it With Frequency 


But wait a minute. What we are 
talking about is severe distortion, 


isn’t it? And distortion is the last 
thing we want in quality audio, 

Well, yes and no. The 
difference between aural 
enhancement and mere distortion 
is one of degree and frequency, to 
coin a phrase. Firstly, clipping a 
sine wave is rather severe and 
ee very large amounts of 

armonics. Secondly, the effect we 
seek only works at high 
frequencies. Thus the signal must 
be high pass filtered so that only 
frequencies above a few kilohertz 
are ‘bent’. If you apply harmonic 
generation to the whole spectrum, 
the result just sounds like 
distortion. Also, the amount of 
harmonic generation must be kept 
low. Only then does the whole 
effect come to life. 

This may all sound very strange 
on paper and if you aren't 
convinced, the only answer is to 
hear a unit in action. When an 
Activator is switched out, the 
result of suddenly hearing the 
original recording in an 
unmodified state is like putting a 
bag over your head. Once you've 
heard the difference you won't be 
able to live without it. It will do 
wonders for all your records and 
tapes, revealing details you never 
knew existed. 

When recording individual 
instruments or voices the Activator 
will create a sense of presence ina 
way that old fashioned presence 
controls never could. The 
frequencies which are ‘activated’ 
also happen to be those which 
carry most stereo information — so 
a stereo unit like the Activator 
enhances the stereo effect, too. 


Dolby And Son 


It's worth mentioning the 
beneficial effects the Activator will 
have on muddy sounding cassette 
tapes. If there is no treble in the 
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recording, then boosting the treble 
band with a graphic equaliser will 
achieve al but the 
amplification of tape hiss. Aural 
enhancement, however, does not 
require treble to be present since 
it uses upper mid-frequencies to 
+ i es new high frequencies. 
This basic difference sets aural 
enhancement apart from any 
simple form of equalisation. 
Dolby B was invented when 
the quality of cassette tape was 
very poor. The noise reduction it 
afforded made listening 
acceptable. Now cassette tapes 
are very good indeed and Dolby is 
(arguably) redundant since all it 
seems to do is kill the top treble 
end of your recordings. In fact, 
many people record tapes with 
the Dolby on to act as a treble 
boost and then play them back 
with the Dolby switched off. If you 
play tapes back through the 
Activator you can leave the Dolby 
on, taking advantage of the noise 
reduction without sacrificing 
prized high frequencies. 


Active Design 


A practical system is shown in 
block diagram form in Fig. 2. 
Notice that after the harmonic 
generator the resulting signal is 
mixed in antiphase with the signal 
emerging from the filter so as to 
cancel out the fundamental, 
leaving only the newly synthsized 
harmonics to be added in the 
desired proportion to the output. 
There is very little change in 
overall signal amplitude when the 
harmonics are added. In the 
Activator, there is also a very slight 
reduction in high frequency level 
as the PROCESS control is 
advanced, which keeps the 
subjective volume constant. 

he high pass filter used in the 
ACTIVATOR is voltage controlled 
with a 12dB per octave roll off 
below a centre frequency which is 
variable between 2kHz and 8kHz. 
It also has variable resonance or 
SELECTIVITY. It is possible to tune 
and emphasize particular 
frequencies within the signal to be 
processed, 

The Activator is designed so 
that whatever size signal you put 
in, the same size signal is output. 
Harmonic enrichment maintains 
the correct proportions. The 
relative level of different order 
harmonics is determined by a time 
constant rather than by signal 
amplitude, avoiding the use of 
separate ‘Drive’ and ‘Mix’ controls 
as on most existing designs. These 
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interact and their combined effect 
is largely to make the display 
function correctly. 

The Activator display is 
designed to indicate the 
proportion of harmonics added to 
the original signal, independent of 
overall signal level. The display will 
not respond very much to signals 
peaking much below-10dBm but, 
since -10dBm is the standard 
domestic recording level, no 

roblems are envisaged. The unit 
is equally happy with 0dBm 
signals. 


The Ins and Outs 


Line level, balanced and 
unbalanced inputs and outputs are 
standard in this family of units. 
Phono sockets have been added 
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height, ensuring correct 
orientation of diodes, LEDs and, 
where appropriate, capacitors, It is 
a good idea to bench-test the 
completed board prior to bolting it 
into the case and wiring it to the 
sockets (Fig. 3). 


Use 


With the Activator processing a 
signal (left-hand LED green) adjust 
the PROCESS LEVEL control so 
that the display peaks at about half 
full scale. The ultimate decision 
must be based on your listening 
judgement, but remember that 
excessive high frequency is very 
easy to get used to and you only 


Fig. 2 Block diagram of practical enhancement arrangement. 


to the Activator with the domestic 
hi-fi owner in mind. The unit will 
handle signals well in excess of 
+10dBm before clipping, unlike 
some of its more prestigious and 
expensive cousins. 


Construction 


Few problems should be 
encountered in using the double 
sided PCB. The most important 
thing is to ensure that all the track- 
linking pins are soldered on both 
sides of the board! Enough said. 
Assemble components in order of 


find out about it when you come 
back to your recordings after a 
break. Suffice to say that if the 
display is constantly in the red, 
you are overdoing it! 

The Activator will impart an up- 
market, up-front quality to live 
sounds, In recording almost 
acai will benefit — dull 
guitars, ifeless pianos, drums and, 
in particular, vocals can be givena 
breathy and intimate quality. 

The unit will also be found 
indispensible for cassette 
duplication, helping overcome the 
inevitable loss of quality. 


REAR PANEL CONNECTIONS 


LEFT 
BALANCED 
OUTPUT 


D 


3 
(BALANCED LEFT 
INPUT BALANCED 
INPUT 


JACK 
INPUTS 


Fig. 3 Rear-panel connections. 
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809-BASED 


MICROCOMPUTER 


Designer Dave Rumball takes us chip-by-chip through the 


circuitry of his single boarq;computer. 


articles which describe the 

design, construction and use 
of a powerful, 8-bit, single-board 
microcomputer based upon the 
6809 microprocessor. The board 
uses the Flex operating system, 
giving access to a wide range of 
cross-assemblers and making it 
particularly suited to software 
development work. As well as 
having all the features usually 
found on a Flex standard machine, 
this design also offers very high 
resolution monochrome graphics, 
128K of graphics RAM, a RAMdisc 
system which uses a variable 
amount of the 128K graphic RAM 
and appears to an operating 
system exactly as though it were a 
floppy disc, and an EPROMdisc 
system which consists of a small, 
plug-in board and again appears to 
the operating system as a floppy 
disc. Other features include a 
battery backed-up real time clock 
and an on-board EPROM 
piopeminne’ and the complete 
pee age is available in kit form 

rom Micro Concepts. 

In this article we will look at the 
workings of the microcomputer 
section by section. In subsequent 
articles we will be describing the 
construction of the board and how 
to use it. 


The CPU, Memory, Buffers 
And Decoding 


The ‘core’ of the Microbox II is 
formed by the processor IC1, the 
SAM chip IC2 and the memory 
IC3-1C12. 1C2 has several 
functions. First, it takes the master 
16MHz clock from IC15 and 
generates the 1-2MHz processor 
clocks. The processor address is 
converted to the multiplexed 
eight-bit buss and control strobes 
necessary for the eight 64K 
DRAMs, IC5-1C12, 22 ohm 
resistors in these lines damp any 


T his is the second ina series of 
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ae ete 8 


signal reflections or undershoots 
which would disturb the DRAM 
operation. It also defines a three- 
bit decoding buss which is used by 
the decoding logic. An 8K EPROM, 
1C3 holds the monitor program 
and system service. C4 buffers 
the DRAM read data onto the 
processor data buss, whilst 1C13 is 
a bi-directional buffer between 
the processor and the peripheral 
data busses. 

The low order address lines, 
the control strobes E and R/W, 
and the reset signal are buffered 
by 1C18, which has its two enable 
signals grounded. The reset signal 
from SW2 triggers two time 
constants, the shorter of which 
resets the SAM chip by pulling 
VCLK low, whilst the longer resets 
the processor so that the SAM 
chip comes out of reset before the 
processor. Note that no use is 


made of the SAM chip’s video 
capabilities in this design. 

The HS pin is tied low on the 
SAM chip. This frees up an extra 
RAM cycle per CPU cycle allowing 
operation at 2MHz, However the 
SAM chip stops refreshing the 
DRAM at 2,MHz, so operation at 
this speed can only be for periods 
of less than 2ms, or longer if the 
operation itself refreshes the 
memory as would a transfer of 256 
bytes during a disc operation. 

The memory system map is 
defined by IC65 and parts of 1C14 
and IC16. The memory map is 
filled with the 64K RAM, except 
for the top 8K section which is the 
monitor EPROM, This 8K section is 
split into two, and the bottom 4K 
may be switched between 
EPROM and RAM with the MAP 
signal from the system PIA. This is 
used in the current software to 
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Fig. 3 Circuit diagram of the system interface. 
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Fig. 4 Circuit diagram of the serial ports. 
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switch out the diagnostics section 
of the monitor when Flex is 
loaded, freeing up an extra block 
of memory which is used for text 
drivers and character sets. 

The top 256 bytes of memory 
(as defined by the SAM chip) are 
given over to three 32 byte I/O 
slots and the addresses used to set 
the SAM chip control registers. 
The first of these I/O slots is used 
for on-board devices, and is 
further decoded to eight, four-byte 
slots by 1C17. 1C16a generates the 
RDS and WDS control strobes 
used by the non-Motorola 
eet othe devices. Because the 

EC720 graphics controller does 
not have a separate CE line, there 
are separate strobe signals for this 
device. Finally, |C15 forms a 
standard crystal oscillator which 
generates the master 16MHz 
clock, 


The System I/O And 
Serial Ports 


The keyboard and printer ports, 
together with a number of control 
signals, connect to the two parallel! 
ports of a single 6821 type PIA, 
1C19. The centronics printer and 
parallel keyboard share the first 
port via two tristate buffers |C67 
and 1C68. The PIA ee is normally 
set for input from the keyboard, 
with the keyboard strobe going to 
the CA1 line. When printing is in 

rogress, the port is turned from 
input to output and a strobe signal 
is sent on the CB2 line. This 
operation is performed for each 


-character sent to the printer — in 


between each character, the 
keyboard is examined so that 
keyboard characters are not lost 
whilst printing is in progress. 

The other port of the PIA is 
given over to various system 
signals. There are four inputs from 
four switches which the software 
uses to set certain parameters 
when the computer is first 
switched on. The remaining four 
lines are four outputs, the MAP 
line for the decode section, the 
DRV select bit and DDEN line for 
the flop y disc interface, anda 
signal which enables a sounder to 
give a ‘beep’. 

The serial ports are provided by 
a single IC, aWD2123 DUART 
(1C20). The internal baud rate 
generators derive their timing from 
a 1.84 MHz crystal oscillator, The 
data and handshaking lines are 
buffered from TTL to RS-232 levels 
and back again by the obligatory 
75188/75189 pair. 
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The Floppy Disc Interface 
and PROMdisc 


The floppy disc controller is 
refreshingly simple: it consists of 
just three ICs, two of which are SS] 

uffers! The work is done by IC24, 
aWD1770 floppy disc controller, 
which connects directly to the 

eripheral data buss, Input signals 
rom the drives are buffered by 
1C25, whilst output signals are 
buffered by |1C26. The two drive 
select lines are derived from a 
single signal. This means that one 
drive or the other will be selected 
all of the time, and its drive select 
light will be on. This causes no 
harm if the drive is set up to load 
its head with the MOTOR ON 
signal. The drive motor timing is 
set by the 1770 by counting Index 

ulses. It will stop the drive nine 
index pulses after the last 
operation, and will delay any 
operation until six index pulses 
have occurred. 

_ The EPROM disc is formed 
from an 8255 PIA, four EPROMs 
and an eight bit counter. The data 
lines from the EPROMs are 
connected to one of the ports of 
the PIA, 1C28, and the high eight 
address lines for the EPROMs to 
another. Chip enables for the four 
EPROMs, the program line for one 
of them, and clear and count lines 
for the counter are connected to 
the last port. Because Flex only 
reads data from discs in chunks of 
256 bytes, not every address line 
is needed and the low eight 
address lines can come from an 
eight bit counter. To read a 
‘sector, the processor selects the 
correct EPROM as a function of 
the ‘track’ and ‘sector’ numbers, 
then clears the counter and clocks 
it 256 times, moving each byte for 
the port to RAM as It goes. 

EPROMS may be programmed 
by applying 21V to the VPP pin, 
setting the address lines and data; : 
and then pulsing the program line 
for 50ms. 


The operation of the remainder 
of the board will be described next 
month, when we also hope to bring 
you complete constructional 
details including board overlay and 
parts list. If you’d rather not wait 
that long, a kit of parts complete 
with full constructional details is 
available from Micro Concepts, 2 
St. Stephens Road, Cheltenham, 
Gloucestershire GL51 5AA, tel 
0242-510 525. 
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Fig. 5 Circuit diagram of the floppy disc controller. 
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Fig. 6 Circuit diagram of the EPROM disc interface and board. 
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ET! WALKMATE 


Do you have a personal (hi-fi) problem? Ram Chandru has a 
battery of suggestions to help you overcome it. 


generation of miniature tape 

players and radios has 
appeared on the market. Popularly 
known as Walkmans, they are 
battery operated, have miniature 
headphones rather than 
loudspeakers and are designed for 
use anywhere at any time. The 
quality of the sound reproduction 
is usually pretty good and they 
have proved immensely popular. 

They are not without their 
drawbacks, however. As anyone 
who has used one of these 
machines will know, the current 
consumption tends to be fairly 
high and a set of batteries doesn’t 
last very long. Also, whilst at first 
sight they ey seem ideal for use 
as the basis of a‘second’ music 
system in the bedroom or 
elsewhere, in practice it is not easy 
to use them in this way. The 
output level is not suited to the 
inputs on most amplifiers, the 
problem of battery consumtpion 
remains, and while purpose-built 
miniature amplifiers and 
loudspeakers are available these 
too are battery-operated, pushin 
the overall running costs very hig 
indeed. | 


t n recent years, a new 


AUDIO 
INPUTS 


A 
BALANCE 


PREAMPLIFIERS 


AMPLIFIER 
Output power 


SPECIFICATIONS 


2W RMS per channel into 8R (mains operation) 


1W RMS per channel into 8R (12V DC operation) 
1.5W RMS Per channel into 4R (12V DC operation) 


Input sensitivity 
THD 


Bass control 
Treble control 


OC SUPPLY 


Output voltage 
Overload protection 


80mV RMS for full output 

typically 0.2% (from IC manufacturers data — not measured) 
+16dB at 50Hz 

+14dB at 10kHz 


adjustable over the range 1.5-9V 
current limiting at 500mA (at 25°C heatsink temperature; 


reduces by 2mA/°C above 25°C) 
LED indication of overload condition 


BATTERY CHARGER 
Constant current output 50mA 
Overcharge protection 


charging ceases when terminal ouaie exceeds a preset 


heuer. adjustable between 1.5 and 9 
LED indication of charging 


The Walkmate has been 
designed to overcome these 
problems and allows a miniature 
tape player or radio to be used 
indoors with standard 
loudspeakers at minimum cost. It 
consists of a regulated DC supply, 
a constant current battery charger 
and a stereo amplifier with tone 
controls. The regulated supply is 
overload protected and offers 
500mA at between 1.5 and 9 volts, 
a range which accommodates 


REGULATOR 
ese 
REFERENCE 


VOLTAGE 
GENERATOR 


CONSTANT 
CURRENT 


2) 
GENERATOR OUTPUT 


Fig. 1 Block diagram of the Walkmate circuit. 
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_ every type of personal stereo we 


have come across. The constant 
current charger can only be used 
with rechargeable batteries, of 
course, but offers the convenience 
of recharging whilst the unit is 
being used, ready for later use 
elsewhere. The stereo amplifier 
delivers up to 2 watts RMS per 
channel into 8R, and the complete 
system operates either from the 
mains or from a 12v car battery. 


The Circuit 


-The circuit of the Walkmate is 
shown in block form in Fig. 1. The 
incoming mains is passed through 
the transformer and rectifier to 
produce an output with an 
average value of about 18V. This is 
passed to the smoothing network 
via a switch on the 12V DC input 
socket. Inserting a 2.5mm power 
jack into this socket will 
disconnect the transformer and 
rectifier from the rest of the circuit. 

A reference voltage is derived 
from the main smoothed supply to 
feed the regulator and the 
constant current generator. The 
reference is provided by a1.22V 
band-gap IC, but several stages of 
dropping and filtering are used to 
ensure as ripple-free an output as 
possible. This is important because 


“41 


IC2b, Q6 and Q8 form the basic power 
supply circuit. Q6 and Q8 are connec- 
ted as a darlington pair in order to 
supply a relatively large load current 
(500mA) with only a small bias from 
{C2b. The short circuit protection 
consists of R13, Q5 and Q7. When the 
load current through R13 reaches a 
’ value such that their product reaches a 
diode drop, (in this case 500mA), Q5 
conducts and turns Q7 on to divert the 
base current of Q6 to earth, thus limit- 
ing the power dissipated in Q8. Q4 
turns on LED2 indicating a current 
limiting condition. The output voltage 
can be adjusted by varying RV2. C8 is 
included to reduce the ripple present 
at the output. The impedance through 
C8 is very small compared to the value 
of R16, so the ripple is bypassed to the 
op-amp input. C9 reduces the high fre- 
quency impedance of the power supply 
and C6 and C7 are there to suppress 
any loop instability. 

One point to notice is that Q8 and 
Q4 are thermally coupled. This ensures 
that the short circuit current will dec- 
rease as Q8's junction temperature 
increases so that thermal runaway will 
never occur. As 


Vbe (of Q4) 


I 


I short circuit R13 


and Vbe is approximately 0.6V at room 
temperature, the short circuit current 
will be about 500mA. However Vbe has 
a temperature coefficient of -2.1mV/°C, 
(the negative sign indicates that it dec- 
reases with temperature), so the short 
circuit current will decrease with 
increasing heatsink temperature at 
about 


2ma/°C (-2:1 mA). 
1.2 


The maximum power dissipation in 
Q8 is roughly 9.0W (0.5A x 18V). In 
order to maintian a junction tempera- 
ture below 150°C a 7.8° C/W heatsink 
is required giving a safety margin of 
about 60°C ambient temperature. 

The IC used in this circuit is an 
LM358N dual op-amp. Other common 
dual op-amps such as [M1458 will not 
do the job because the reference 
voltage is too near to the earth poten- 
tial. The common-mode input voltage 
range of the LM1458 is typically +12V 
with a +15V supply. That means the 
input voltage must be 3V above the 
negative supply, In this case, the nega- 
tive supply to the op-amp is OV and the 
reference must therefore be a 
minimum of 3¥V in order for the op-amp 
to function correctly. However, since 
the design strategy is to provide 
voltages as low as 1.5V, a small 
reference voltage must be used. The 
LM358N has a common mode input 
voltage range including the negative 
supply which suits our design. 


HOW IT WORKS 


The battery charger is basically a 
constant current sink. IC2a, Q3, R7 
and R8 form the basic constant current 
sink circuit with the addition of Q1 and 
Q2 as the cut-off monitor circuit. The 
charging current is determined by the 
value of R7 and R8 in series. Since the 
reference voltage is 1V22, the current 
is therefore 1.22/24 which is approx- 
imately 50mA. Q1 and ZD2 monitor 
the voltage across the battery under 
charge. When the battery voltage 
brings the potential at the wiper of 
RV1 to the zener voltage of ZD2 plus a 
diode drop below the supply voltage, 
Q1 will conduct and turn Q2 on to 
divert the base current of Q3 to earth. 
The cutoff is ‘soft’ since the zener 
voltage is current dependent, and this 
will enable the batteries to maintain 
their fully charged state. In practice, 
there will be a small current of around 
4-5mA still flowing through batteries 
when the cut-off circuitry is in action. 
D6 prevents the battery discharging 
into the circuit if the Walkmate is 
disconnected from the mains. The cir- 
cuit loop formed by Q1 and Q2 will 
tend to oscillate when the battery ter- 
minal is left open circuit, and C3 and 
C4 are there to prevent this and main- 
tain unconditional stability. 

The charger has been designed to 
charge four AA size rechargeable bat- 
teries. However, the charging current 
can be altered by varying the values of 
R7 and R8. At 50mA charging current, 
no heatsink is required by Q3. Its 
power dissipation will be at a max- 
imum when the battery terminal is 
short circuit, which is 50mA x 18V = 
0.90W. If the charging current is 
increased to 100mA or above, a small 
heatsink should be fitted to Q3. The 
cut-off circuitry can be adjusted to 
monitor from a minimum of one bat- 
tery up to a maxixum of six batteries. If 
less than three batteries are being 
charged ZD2 should be replaced by a 
single diode (installed so that it has the 
opposite polarity to ZD2, of course). 

LED1 will light up when the batteries 
are placed in the charger and will switch 
off when the batteries are fully 
charged, indicating that the process is 
complete. With the cut-off circuit cor- 
rectly adjusted, batteries could be left 
in the charger indefinitely without 
being damaged. 

In order to generate a constant 
current sink and a constant voltage 
supply, a reference voltage is needed. 
The easiest way of generating a 
reference voltage is by means of a 
zener diode. The arrangement is ade- 
quate provided there is not much rip- 
ple in the supply voltage, but in our 
case the rectifier output will contain 
100Hz ripple of up to 4V. 

An improvement is to use a diode 
and capacitor as a peak detector which 
captures the peak value of the ripple 
according to the current drawn by the 
diode. Since the zener current is very 
small, typically 5mA, the ripple seen 


across the capacitor is very small. 
Another improvement is to use two 
zener diodes. The output of the first 
zener contains a small amount of ripple 
voltage which is then further reduced 
by the second zener. 

The circuit used in this project is a 
combination of both improvements. 
The average current into ZD1 is about 
4mA and the current into IC1 is about 
1tmA, The circuit provides a reference 
voltage of 1.22V. The dynamic resis- 
tance of ZD1 is a maximum of 30R and 
the bandgap reference 1C1 has a max- 
imum dynamic resistance of 2R. The 
ripple seen across C2 is approximately 
0.25V (with I=5mA, neglecting the 
leakage of D5). The ripple appearing 
on the V ref line is therefore estimated 
to be about 2uV. CG is present to 
reduce the high frequency impedance 
of V ref. 

The first stage in the audio section is 
the tone control. There are two basic 
types of control, the negative feedback 
type and the RC passive type. The RC 
passive type has been used here 
because it introduces less distortion. 
However, because of the insertion loss 
of this type of control, a voltage 
amplifier is needed to provide a gain 
equal to the maximum boost, in this 
case 20dB (10 times), The amplifier is 
usually placed before the tone control 
if the input signal is small, so that the 
signal is amplified before being 
attenuated and is less likely to pick up 
noise and hum, Looking at the right 
channel (the left channel is identical, of 
course), IC3a is connected as an 
inverting amplifier with an input 
impedance of 100k. Since the op-amp 
is powered from a single supply, the 
non-inverting input is biased to the 
mid-point of the supply by C13, R20 
and R27. D7 and C12 form a peak 
detector to filter most of the ripple 
present at the supply voltage. C10 and 
C14 isolate the DC level at the input 
and output of the op-amp. 

The power amplifiers use LM380N 
ICs which have a fixed voltage gain of 
50. The output DC voltage is set inter- 
nally to approximately half the supply 
voltage. C28 and R34 bypass any high 
frequency oscillation which might 
occur. C26 is included to improve the 
PSRR (Power Supply Rejection Ratio) 
of the amplifier. RV7 provides the trim- 
ming of the output DC voltage in order 
to obtain the maximum symmetric 
voltage swings. C30 is the output 
capacitor, and its value determines the 
low frequency roll-off of the circuit, 
With an 8R load and a 2200p 
capacitor, the -3dB low frequency 
point occurs at about 9Hz. 

The two LM380Ns share a high 
power twisted vane 10,.5°C/W heat- 
sink. When the walkmate is powered 
from the mains, a 4R load is not recom- 
mended because the ICs will be 
operating in the current limiting mode 
and power dissipation will become 
excessive, 
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Fig. 2 Complete circuit diagram of the Walkmate 


any imperfections in the reference 
supply will be amplified in the 
regulator. 

The constant current charger 
provides an output of 50mA which 
Is suitable for the AA-size cells 
used in most personal stereos. A 
circuit is included which monitors 
the voltage across the batteries 
under charge and removes the 
current when a pre-set terminal 
voltage is reached. An LED 
indicates when charging is taking 
place. 

When the audio output of-a 
tape player is connected to the 
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Walkmate, the signal is first passed 
to a tone control stage built 
around anLF 353 dual op-amp. 
One half of the LF353 is used in 
each channel. Separate bass and 
treble controls are provided along 
with balance and volume controls. 
The outputs from this stage feed 
two LM380 power amplifier ICs 
each capable of delivering 2 watts 
RMS into an 8R load when the 
unit is being operated from the 
mains. When operated from a 12V 
DC supply, the outputs can deliver 
1W RMS into 8R or 1.5W RMS 
into 4R. 


Fig. 3 Details of the 
regulator heatsink 
assembly. 
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Construction 


All of the major components 
mount directly onto the printed 
circuit board including the mains 
transformer, the heatsinks, the 
potentiometers and most of the 
sockets. The fuse in the DC line 
(FS2) is mounted on the board but 
the mains fuse and socket are 
mounted into the back panel of 
the case along with the 
loudspeaker connectors, SK6-9. 
Connections to these and to the 
battery charging socket can be 
taken directly from the board or 
via standard 0.1” pitch PCB 
connectors if preferred. 

Before soldering anything to 
the board, Q5 has to be glued to 
the 7.8°C/W heatsink. Attach Q8 
to the heatsink with an M3.5 nut 
and bolt and then position the 
heatsink on the PCB with the 
transistor pins inserted through 
the appropriate holes, Secure the 
heatsink temporarily with the two 
self-tapping screws, then place Q5 
into position with its flat side 
towards the heatsink. Put a dab of 
Superglue or something similar on 
the transistor and hold it against 
the heatsink for a few moments 
until the glue dries. * 
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Fig. 4 Component overlay 


The glue should be allowed an 
hour or so to develop its full 
strength, so carefully dismantle the 
assembly from the board and put 
it to one side while the rest of the 
components are installed. Begin 
with the resistors, the preset 
potentiometers and the sockets 
and also the smaller capacitors. 
The large smoothing and output 
capacitors should not be installed 
at this stage. The fuse holder 
should also be soldered into place 
now, along with the PCB 
connectors if these are to be used 
for the mains, loudspeaker and 
charging output connections. 

Next install the diodes and the 
transistors (except Q5 and Q8, of 
course) and then [C2 1, 2 and 3. 
Sockets should not be used for 
any of the ICs because there is 
very little room on such a densely- 
populated board. The LEDs can be 
installed at this stage if desired but 

ou may prefer to wait until the 
oard is ready for installation in 
the case so that they can be lined 
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up with the front panel holes. 
Solder the potentiometers into 
place, taking care that they do not 
interfere with any of the 
components already installed. 

Loosely re-assemble the 
7.8°C/W heatsink on the board, 
placing nylon insulating washers 
on the two self-tapping screws so 
that there is no connection to the 
copper track. This removes the 
need for a mica washer on Q8, 
although a smear of thermal 
compound here will not go amiss. 
Position the transformer and C1 
on the board and make sure they 
clear one another and the 
heatsink. Tighten down the self- 
tapping screws, solder the 
transformer pins and the transistor 
and capacitor leads and then 
install C34 and C35. 

Loosely insert ICs 4 and 5 into 
the holes provided and place the 
10.5°C/W heatsink on top of 
them. Secure the heatsink with an 
M3.5 nut, bolt and shakeproof 
washer taking care not to 


overtighten the bolt so as not to 
damage anything. The pins of the 
ICs can now be soldered on the 
underside of the board. With the 
heatsink in place, capacitors C30, 
C31 and C33 can be installed and 
the board is then complete. 

The prototype was built into a 
203 x 127 x 51mm vinyl-covered 
steel box and the PCB dimensions 
were chosen to suit it. This is 
important since the edges of the 
PCB must be very close to the 


HEATSINK 


Fig. 5 The twisted vane heatsink 
shown in position over IC4 and 5. 
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RESISTORS (all 4 W, 5%) 
R1, ie 14, 1k5 


4k7 
1k0 
68R 
R7,8 12R 
R13 1R2 
R15, 24, 26, 28, 29 10k 
R18, 19,20,21 100k 
R22, 23 1MO0 
R30, 32 220k 
R31, 33 22k 
R34, 35 2R7 
RV1, 2, 7,8 10k linear enclosed 
horizontal preset 
RV3, 5,6 100k logarithmic 
dual-gang PCB- 
mounting 
potentiometer 
100k linear single- 
gang PCB- 
mounting 
potentiometer 


CAPACITORS 
C1, 33, 34, 35 


C2 12 
electrolytic 
G3, 4, 5, 6, 8, Tu0 16v radial 
10, 11 electrolytic (or 1u0 
35¥ tantalum) 
C7 1n0 ceramic 


2200u 25V radial 
electrolytic 
220u 25V radial 


front and back panels if the on- 
board sockets and controls are to 
be accessible. This would have to 
be taken into account if a different 
size of case were used for any 
reason. 

Drilling details are given in Fig. 
6. The battery compartment, 
mains fuse, mains socket and 
loudspeaker terminals are not too 
critical in their positioning, and the 

otentiometer holes will be 

idden by the knobs so it won't 
matter if they are a fraction off 
centre, The holes for the sockets, 
on the other hand, must be 
accurately positioned if they are to 
be accessible and the unit is‘to 
look good. If you have any doubts 
about your metalworking skills, try 
drilling a small hole first and then 
place the board in position to 
check it. If necessary, the hole can 
be centred with a small round file 
before final drilling out to the 
correct diameter. 

Before installing the PCB in the 
case, carefully check it against the 
overlay diagram (Fig. 4) and pay 
particular attention to the 
orientation of transistors, ICs, 
diodes and electrolytic capacitors. 
Check carefully too that there are 
no breaks in the PCB tracks or 
solder bridges between adjacent 
tracks, In my experience, it is 
usually a good idea to go away and 
do something completely different 
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C9, 14, 15, 24,25 10u 16V tantalum 
26, 27 or radial 

electrolytic 
220u 16V radial 
electrolytic 
33n polyester 
330n polyester 
10n polystyrene 
10n polyester 
100n polyester 
2200u 16V radial 
electrolytic 
1u0 35V tantalum 


SEMICONDUCTORS 

Ic 9491 (1V22 
bandgap ref.) 
LM358 
LF353 
LM380 
BC214L 
BC184L 
BD135 
BD230 
1N5400 
1N4001 
BZY88C 6V2 
BZY88C 3V9 
red 0.2” LED 


MISCELLANEOUS 

FS1 200ma fuse and 
anel-mounting 
older 


for some time after a board has 
been completed. The mind is then 
much cleared when it comes to 
checking the board and potentially 
expensive mistakes are easier to 
spot. 

When you are convinced that 
all is well, loosely install the board 
in the case and then bend and fit 
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3.15A 20mm fuse 
and PCB-mounting 
holder 
IEC three-pin 
mains chassis plug 
2.5mm DC power 
socket with break 
contact, PCB- 
mounting 
PP3-type battery 
connector 
3.5mm stereo jack 
socket, 
PCB-mounting 
red spring-loaded 
ise terminal 
lack spring- 
loaded press 
termina 
0-12 + 0-12V, 
24VA mains 
transformer, 
PCB-mounting 


PCB; case; knobs, 4 off; heatsinks, 
7.8°C/W finned T0220, 60 x 32 x 
16mm and 10.5°C/W twisted vane, 38 
x 28 x 22mm; battery holder and clip- 
in battery compartment; PCB 
transition connectors if desired, 2 off 
8-way and 1 off 3-way; two no, 6 self- 
Mapping screws (for 7.8°C/W heatsink); 
10mm high spacers, 4 off; nuts, bolts, 
etc. 


the LEDs so that they line up with 
the front panel holes, Remove the 
PCB, solder the LEDs into place 
and attach any flying lead 
connections to the underside of 
the board. These will not be 
needed if you have chosen to use 
PCB transition connectors for the 
mains, Output and battery charger 
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Fig. 6 Drilling details for the metal case. 
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connections. When all soldering is 
complete, install the board in the 
case using four 10mm metal pillars 
and connect up the mains socket 
and fuse, the loudspeaker output 
sockets and the battery connector. 
Don't forget to earth the metal 
case, 


Testing And Setting-Up 


Carefully check all the 
connections to the PCB, especially 
the mains wiring, and then set all 
the presets to their mid positions. 
Connect a voltmeter between FS2 
and ground and plug in the mains. 
The voltmeter should show 
around 18-20 volts. If the voltage 
is significantly lower than this, 
check the polarity of the rectifiers 
and the smoothing capacitors. f 
either of the fuses blows, switch 
off immediately and check 
everything again. 

When the voltage on FS2 is 
correct, remove the voltmeter and 
connect it across pins 4 and 5 of 
IC2 or some other point where the 
reference voltage is available. The 
reading here should be between 
1,2 and 1.26V. If the voltage lies 
outside of this range, check the 
orientation of IC1 and ZD1 and 
the components around them. 

Connect a milliammeter across 
the battery charging terminals. 
LED1 should light up as soon as 
the meter is connected anda 
reading of 48-50mA should be 
obtained. Remove the milliameter 
and connect in its place a set of 


fully-charged or nearly fully- 
charged Nickel Cadmium cells 
and a voltmeter. The voltage 
across the cells should rise slowly. 
When it reaches the full termina 
voltage (1.45V for each cell), 
carefully turn RV1 unti! LED1 
extinguishes. Remove the cells, 
discharge them slightly and then 
connect them as before along with 
the voltmeter. Check that LED1 
goes out when the intended 
voltage is reached, and if not, re- 
adjust RV1. This exercise may take 
a little time but you can leave the 
batteries charging or discharging 
while you carry on with the rest of 
the setting-up. 

Connect a voltmeter across the 
regulated DC Output. A reading of 
about 2.5 should be obtained and 
this should increase and decrease 
if RV2 is rotated, Set the voltage to 
suit the personal stereo you plan 
to use and then connect an 
ammeter directly across the 
output. LED2 should light up 
and the ammeter should show a 
current which slowly decreases 
from an initial value of around 
500mA. If a much larger current is 

resent, disconnect the ammeter 
immediately and check the circuit 
carefully, paying particular 
attention to the circuitry around 
Q5 and R13. Check also that there 
is no connection between the 
heatsink and the copper earth 
track via one of the fixing screws. 

With the power supply and 
charger circuitry working correctly, 
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all that remains is to test and set- 
up the audio stages. Check that 
the DC level across R21/C13 is 
around 9V and that a similar 
voltage is present on the outputs 
of the two halves of IC3 (pins 1 
and 7). Next, check that about 8V 
DC is present on the output pins 
of ICs 4 and 5 (pin 8). Connect an 
8R dummy iad acres one of the 
loudspeaker outputs and inject a 
1kHz signal into the 
corresponding input. Connect an 
oscilloscope across the dummy 
load and adjust RV7 or RV8 as 
appropriate until the output 
swings are symmetrical above and 
below OV. It is advisable to turn 
the preset very slowly whilst 
making this adjustment. When the 
output symmetry is correctly set, 
transfer the dummy load, 
oscilloscope and signal generator 
to the other channel and repeat 
the procedure, 

If you want to be particularly 
thorough you can check the 
operation of the bass and treble 
controls using signal frequencies 
of 50Hz and 10kHz. Those who do 
not have an oscilloscope will have 
to be content with setting the 
output DC level at 8V as 
described above and using their 
ears to evaluate the operation of 
the tone controls. 


BUYLINES 


The fixed resistors, the capacitors and 
most of the semiconductors are avail- 
able from a number of our regular 
advertisers and from the usual mail- 
order suppliers. The PCB-mounting 
potentiometers are available from 
Maplin, who can also supply the bat- 
tery holder and clip-in compartment, 
the 10.5°C/W twisted-vane heatsink 
and the PCB-mounting jack socket and 
DC Power sockets. The vinyl-covered 
metal case used for the prototype also 
came from Maplin and is known as 
type WB3. The mains transformer, 
enclosed horizontal presets, PCB- 
mounting fuse holder and the BD230 
can be obtained from STC Electronic 
Services, Edinburgh Way, Harlow, 
Essex CM20 2DT, tel 0279 26777. The 
9491 bandgap reference and _ the 
7.8°C/W finned heatsink are available 
from RS Components who will only 
accept orders from trade and pro- 
fessional customers. However, most 
electronic dealers can order RS parts 
or you can obtain them by mail order 
from Crewe-Allan & Co., 51 Scrutton 
Street, London EC2 or Trilogic, 29 
Holme Lane, Bradford, BD4 OQA, tel 
0274 684289. The printed circuit board 
will be available from our PCB Service, 
for details of which see page 59. ETI 
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DIGITAL SOUND 
SAMPLER 


In this (slightly delayed) article in our series on the construction 
of a sound sampler for use with the Spectrum, Paul Chappell 
finally gets around to describing the analogue circuitry. 


critical area in determining 
the quality of sound 
reproduction that a sampler will 
achieve, Although it is possible to 
sample sounds with little more 
than an ADC, a DAC and a home 
computer, for reasons discussed in 
an earlier issue (ETI, September 
1985) the sound will not be very 
pleasant. Refinements such as a 
sample and hold circuit before the 
ADC will help, but the most 
) spectacular improvements are 
» achieved by the inclusion of 
» suitable low-pass filters before and 
after the conversion. ; 

Figures 1 and 2 show the 
complete audio path of the 
project. The input filtering is 
incorporated in'the circuitry 
around IC2 and IC5 and the 
output filtering is carried out by 
+ I1C12,1C13 and 1C16. It seems, at 
‘ first sight, that the filtering should 
» be the most precise and académic 
_. part of the circuit design: apply the, 
. correct formulae, use the right set 
of design tables and you've gota 
: filter. As is often the case with 
> Circuit design, it’s far from being so 
_ clear cut, and some of the 
«. considerations involved are worth 
* acloser look. 


T he analogue signal path is the 


Filter Considerations 


Let's suppose that we are 

' sampling at 30kHz and so would 
like to remove any components of 
; the input signal above 15kHz. The 
‘ most obvious compromise is that 
; we can’t have a filter that passes 

© everything up to 15kHz and 

» nothing thereafter, so let’s choose 
| the -30B point to be 12kHz and 


| ETI JANUARY 1986 


see where it leads us. We could 
live with a bandwidth of 12kHz — 
it may not be quite hi-fi but, in 
comparison with TV sets, radios 
and walkpersons it’s not too bad. 
We will also recognise that the 
signal above 15kHz will not be 
zero, but if it was below -50dB it 
would be pretty well inaudible, so 
we'll take that as a starting point. 
The first shock comes when we 
see the size of filter needed to 
meet this specification. Fora 
Butterworth filter response (one 
without ripple in the passband) we 
are going to need 11 Sallen and 
Key type filter sections (like the 
circuitry around IC2) all cascaded 
together. That is, 11 op-amps, 22 | 
capacitors and 44 resistors. Some_ 
filter! With a Chebyshev response . 
we are a bit better off — with a 
little over 1dB passband ripple, we 
could manage with only 5 sections 
and still get to -50dB at 15kHz; 
with a little more ripple, we could 
et it down to four sections, but 
or reasons I'll come back to later 
we can’t allow too much ripple. 


Switching To Capacitors 


Because we want the filters to 
track the sampling and playback 
frequencies, switched capacitor 
types have been chosen (IC5 and 
1C13). These, in effect, sample the 
signal and hand it back at the 
output in the form of discrete 
steps. For this reason they are just 
as prone to ‘alias’ distortion as the 
A-D, D-A conversion process. It 
may sound odd, but we need to 
filter the input and output of the 
filters! As the clock rate, or 


sampling frequency, of the mobile 
filters is 50 times the cut-off 
frequency, the filtering 
requirements are not too stringent. 
If the filters are set for 12kHz, this 
means a sample rate of 600kHz, 
and if we only attempt to remove 
signals that could give rise to beat 
products falling within the range 
up to 40kHz, we are only asking 
that the fixed frequency filter 
should produce an insignificant 
output above 560kHz. As it can 
an to roll off anywhere above 
12kHz without interfering with the 
bandwidth of the sampler, a steep 
slope is not called for. Even 
allowing for the fact that we may 
wish to sample at rates below 
30kHz — maybe even as low as 
10kHz — we are still looking fora 
good attenuation at 160kHz. 

As we are expecting the best 
performance at a sample rate of 
30kHz, it makes sense to choose a 
cut-off frequency for the fixed 
filters that will assist in attenuating 
frequencies of 15kHz and above. 
On the other hand, they can’t have 
a cut-off frequncy of 12kHz to 
match the mobile filters at this 
sample rate. If they were all 
independently designed to cut off 
at 12kHz, that is to say the -3dB 
point for each was 1 OkH z, the 
consequence of cascading all five 
would be that the attenuation at 
12kHz would be -3dB x 5 = -15dB. 
Not quite what we are aiming for! 
A similar consideration applies to 
the passband ripple that can be 
tolerated — it can add from one 
filter to the next and there could 
be a good deal more at the output 
than was intended. 

A third consideration is the ¢ 
desirability of applying a certain 
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Fig. 1 Analogue input circuit of the sampler. 


The input signal from the microphone 
is first amplified by 1C1. From the out- 
put of 1C1 the amplified signal passes 
to I1C2 and to 1C3. Taking the main 
signal path first, 1C2 and IC5 are low- 
pass filters included to prevent ‘alias’ 
distortion in the sampling process. 1C5 
is a switched capacitor filter with a 
cutoff frequency determined by the 
frequency of FCLK. FCLK is generated 
by the sample rate circuit (to appear in © 
a later issue) and is proportional to the 
selected sampling frequency, so the 
cutoff frequency of IC5 tracks the 
sample rate. 1C2 is a lowpass filter with 
a fixed cut-off frequency to prevent 
signals with a frequency above 4&FCLK 
from reaching ICS. 

The output from IC1 is also fed to 
IC3 where it is further amplified by an 
amount set by RV2. The function of 
1C4 is to provide a signal SOUND to 
the control circuit when an input of a 
suitable level is detected. When no 
input is present the +ve input of 1C4 is 
held at 0.7V by R19 and D3, the —ve 
input is at +0.7V by the action of R20 
and D4, so the open collector output 
of IC4 will be held high by R22. If the 
output of IC3 goes low, the +ve input 


(C2 = 318 

(C3 = 741 
1C4=311 

IC5 = MF10 
IC6 = CMPO1 
1C7 = 74LS86 
1C8 = 74LS7 
IC9 = AM2602 
1C10 = AM6072 
1C11 = 74L$541 
01-4 = 1N914 


of 1C4 will be pulled low by D1 but the 
—ve input will remain at —0.7V, and 
allowing for the drop across D1 this 
means the output of IC3 must go 
below —1.4V. If 1C3 output goes high, 
1C4 will similarly be switched by D2 at 
+1.4V or above. A signal of 2.8V p-p at 
the output of IC3 will begin to switch 
1C4 on and off. LED2 indicates that this 
is happening and means that an audio 
signal large enough to trigger the 
sampler is present at the input. Adjust- 
ment of the signal level needed to 
trigger the sampler is made by RV2. 
Overload indication is provided by 
LED1. If the output of IC3 goes high 
enough, current will eventually flow 
through D2, R18, LED1 and D3. If it 
goes low enough, current will flow 
through D1, LED1, R18 and D4. The 
voltage level needed to begin to light 
LED1 is roughly 0.7V (for D2) plus 2V 
(for LED1) plus 1V (for R2, assuming 
that LED1 will just become visible at 
1mA) plus 0.7V (for D3), equals 4.4V. 
Similarly, —4.4V will be needed to 
begin to illuminate LED1 on negative 
peaks, so a signal of around 8.8V p-p 
will begin to give an indication. The 
LED will get brighter as the signal 


HOW IT WORKS 


BWAY 
CONNECTOR 


increases above this level, and can thus 
be used to give a rough measure of 
higher signal levels, 

To return to the main signal path, 
the output of IC5 is fed to the ADC cir- 
cuit consisting of ICs 6, 7, 8, 9, 10. The 
action of this circuit has been 
described in ETI, November 1985. The 
output of the ADC will be in a compan- 
ded sign and magnitude format. 1C11 
buffers the output of the converter and 
drives the data lines D7 to DO when 
STM is low. 

There is no need for a sample and 
hold circuit prior to the ADC because 
this function is one of the duties of 
IC5. If the clock of IC5 is stopped, its 
internal state will effectively be frozen 
and the ouput will remain steady for 
several ms before the leakage of inter- 
nal charges cause it to droop. The con- 
version time of only a few us is more 
than enough for a very effective sample 
and hold. When the control circuit 
issues the START CONVERSION signal 
(SCS) to the ADC, it simultaneously 
turns off the clock to 1C5 and will not 
re-start it until] the conversion has 
finished. 

The circuitry to retrieve the sound 
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Fig. 2 Analogue output circuit of the sampler. 


code from the data lines and turn it 
back to analogue form begins with 
1C19. This is an 8-bit latch which cap- 
tures the data when it is clocked by 
SFM(1), The control circuit (to appear 
in a later issue) sends interrupts to the 
computer at regular intervals. The time 
between the computer receiving an 
interrupt and the digital sound code 
appearing on the data lines will depend. 
on the point the computer has reached 
in its current instruction cycle when 
the interrupt is received. Unfor- 
tunately, this time is variable and 
unpredictable. If the output of 1C19 
was fed directly to the DAC, the 
irregular updating of the data would 
give rise to distortion of the audio 
signal, 1C18 is included to even out the 
update rate and set it to match the 
sampler’s requirements, not the 
computer's. 

From 1C18, the digital sound codes 
are sent to the DAC, 1C14. This IC pro- 
duces differential current ouputs which 
are translated into a voltage level by 
1C15. From the ouput of 1C15, the 
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output tracking filter 1C13. Once 
again, 1C13 has a low-pass cutoff point 
set to suit the playback frequency by 
variations in FCLK. This is, in fact, the 
same signal that clocks Cl5 — if the 
sound is passed straight through the 
circuit for test purposes, we want IC5 
and 1C13 to cut off at the same fre- 
quency. If IC13 is being used to filter 
sound from the computer’s memory, it 
doesn’t matter what frequency 1C5 is 
clocked at, so the same signal can be 
used for both. 

1C16 provides the final low-pass 
filter to restore the step output from 
IC13 to a continuous audio signal. At 
the output of 1C16 is a FET Q1, to turn 
the output signal on.and off. Q1 is 
driven from the gate signal from the 
keyboard, and besides allowing the 
sound to be turned on and off when a 
key is depressed and released, it also 
allows some control over the attack 
and decay rates of the sound, 

From Q1 the signal passes to the 
amplifier 1C17 which provides a suit- 
able output level. 


amount of pre-emphasis to the 
higher frequency components of 
the signal before sampling and de- 
emphasising it afterwards. It’s not 
good enough to tack an RC circuit 
to one of the op-amps to give a 
6dB per octave lift at the input and. 
corresponding circuit for a 6dB per 
octave cut at the output. 
Considerations of making life ° 
more difficult for the input LP 
filters aside, the more important 
point is that when the sampled 


sound is played back ata different ' 


pitch, the entire meen 
spectrum will be shifted. The 
result is that the emphasised part 
no longer matches the de- 
emphasis profile, so the upper 
frequencies will be amplified or 
attenuated in a way that was not 
intended. On the other hand, it 
does seem rather extravagent to 
use extra tracking filters just for 
the emphasis. 


The Final Circuit 

In the circuit presented here, 
the two mobile filters, |C5 and 
1C13, are considered as part of the 


same filter and component values _ 


chosen accordingly. This avoids 
the adding of the -3dB 
attenuation, at least as far as these 
filters are concerned, and has one 
or two other advantages. The two 
high-Q sections are placed before 
the ADC which means that there 
will be a rise in the gain at 
frequencies approaching the cut- 
off point: pre-emphasis, The two- 
Q sections after the DAC, besides 
completing the filter profile, in 
effect provide de-emphasis. The 
hypothetical requirement for very 
steep filter slopes has been 
relaxed since it was based on the 
implicit assumption that the 
spectrum of an audio signal is flat, 
whereas the amplitued of higher 
frequency components will 

pore rely be very much less than 
that of lower frequencies. The 
filter requirements to achieve 
good sound quality are therefore 
not as strict as it would seem. 
There is the additional factor that 
filters with very steep cut-off 
slopes tend to have poor transient 
response and are prone to ringing, 
so it’s a matter of choosing the 
best compromise. 

To complete the sound 
sampler, the articles to follow will 
describe the keyboard interface 
and the digital control circuit. 
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Andrew Armstrong 

_ sets the pace with a 
_ digitally-controlled 
variable delay unit 
for windscreen 
wipers. 


ou are trundling along the 
y road in your car. A light 

drizzle starts. You switch on 
the windscreen wipers. SCRAPE- 
SCRAPE-SCRAPE. The rain is heavy 
enough to obscure your vision but 
not heavy enough to lubricate the 
wipers. You switch on the fixed 
rate intermittent wipe, SCRAPE- 
SCRAPE-SCRAPE. Not slow 
enough! Until now, your only 
solution was to turn up the radio 
very loud to drown out the sound 
of wipers on (almost) dry glass. 
Now you have an alternative. 

The Autowipe is quick and 
simple to install. It requires just 
four connections to the motor 
wiring and.no bodged holes in the 
dashboard — especially useful on 
the rear wiper of estate cars and 
hatchbacks. Installation typically 
takes 15 minutes. The connections 
are OV, the +12V motor supply, 
and the normal speed motor wire, 
cut in two with both ends joined 
to the gadget. 

The time period is set b 
triggering a single wipe of the 
screen, and another after the 


BUYLINES 


The resistors, capacitors and semicon- 
ductors are all widely available and 
should not present any problems, but 
note that Q1 should be aBC212 andnota 


BC212L, The relay is available from 
Cirkit. The PCB is available from our PCB 
Service, for details of which see page 
59. 


desired interval has elapsed. The 
unit remembers the interval and 
keeps on working at this rhythm 
(give or take 10%) until cancelled 
or reset. 

The circuit described here is 
suitable only for negative earth 
cars, in which the switching to the 
wiper motor is in the supply side 
rather than the ground side. This 
includes the vast majority of cars 
on the road now. The circuit may 
be modified to cope with other 
arrangements, and some notes are 
supplied to help the experienced 
constructor who may wish to 
modify the design for different 
applications. 


Principles 


A timer starts when the switch 
is turned on briefly for the first 
time, and its state is stored on the 
second switch operation. The 
timer is then cycled repeatedly — 
the windscreen wipers being 
operated once in each cycle. A 
third switch operation, if it occurs 
when the wipers are stationary, 
resets and restarts the timer. A 
fourth operation of the wiper 
switch stores the new time period 
(between third and fourth switch 
operations). If no fourth operation 
is received, the unit times out after 
about 30 seconds. 

The timing is digital in nature, 
and uses a four bit binary counter. 
This provides 14 usable time 
periods, since both zero and 
terminal count are not valid time 
settings. In order that this 
quantisation of available timings is 


not a nuisance, the speed of the 
clock oscillator is controlled by the 
state of the counter. The clock 
starts off fast when the time period 
is being set and slows as the 
period lengthens. In this way, the 
accuracy of the timer (expressed 
as a percentage of the required 
time period) remains constant. A 
limit ts placed on the oscillator 
speed so that it does not use up 
too many possible states while the 
wipers are crossing the screen the 
first time the switch is operated. 

Earlier designs used an 
analogue timer, but in damp 
weather leakage currents caused a 
significant timing drift over a 
period of five minutes, The digital 
design is much less suseepelole to 
this, though condensation on bare 
tracks can cause problems. 


Construction 


The first job is to link the top 
and bottom sets of tracks on the 
PCB. The board is laid out so that 
none of the pads on the top of the 
board connect to components — 
they are all simply links to the 
bottom. This simplifies both 
assembly and repair. The preferred 
method of joining the two sides is 
to use track pins. If these are 
unavailable, wire links may be 
used, 

It's a good idea to spray the 
component side of the PCB with 
lacquer once the track pins are 
soldered on both sides. This will 
ensure that even the tracks which 
run underneath components are 
coated. This can prove to be 
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When the wiper switch is switched on, a 
roe lis applied to the input of IC6a via 
R17 (which is there to protect the input). 
Because of the inequality of the time con- 
stants of R15/C6 and R16/CS5, there is a 
brief period when both of the inputs of 
1C5c are at logic 1, This results in a brief 
negative going output pulse, which is 
inverted by iceb and which then clocks 
the flip-flop, IC1a. The inequality of the 
time constants ensures that a transition 
from logic 1 to logic 0 on R17 will not 
cause a clock pulse. . 

The fact that both inputs to IC5c have 
RC time constants means that electrical 
noise is rejected toa large extent. Should 
electrical noise or switch bounce prove 
to be a problem in use, then both time 
constants may be _ increased in 
proportion. 

e first clock pulse switches IC1a so 
that its Q a oes to logic 1. Thi 
enables the relay drive, via 1C5d. The 
output goes to the reset inputs of IC1b, 
and the counter, 1C2, via R10. The coun- 
ter is therefore allowed to start counting 
up as soon as C7 has discharged to logic 
0 via R10. We shall come to the purpose 
of C7 later. 

The oscillator which clocks the binary 
counter is derived from a standard con- 
figuration, but it has been designed so 
that the discharge path of C1 is separate 
from the charge path, and is connected 
externally to the oscillator part of the cir- 
cuit. This means that the cycle time of the 
oscillator can be controlled by the vol- 
tages applied to the discharge resistors. 
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Fig. 1 Circuit diagram of the Autowipe. 


HOW IT WORKS 


These resistors, R5 to R8, are approx- 
imately binary weighted, and connected 
to the outputs of the binary counter. To 
limit the maximum oscillator speed to 
something useful, while leaving the slower 
speeds almost the same, an extra fixed 

ischarge resistor, R3, is placed in series 
with the discharge path. 

Clearly, if the counter is allowed to 
reach state 15 (1111) then there will be 
no discharge path for C1, and the oscil- 
lator will stop. This does not matter 
because when the counter reaches this 
state, the terminal (or carry) output, 1C2, 

in 17, switches tologic0. This resets the 

rst ig oe IC1a, via 1C6c, IC5b, and 
1C5a, which means that the unit has 
timed out. 

There is only one further point to make 
about the oscillator and counter. 1C3 
must have a sufficient slew rate to clock 
the CMOS counter used. A 741, for 
example, willnot work. Having tried one, 
out of curiosity, | can report that the 
counter will count up fora while, but nor- 
mally stops when it is time for the third 
most significant bit to switch. TLO81s 
and LF351s with a 13V/microsecond 
slew rate are perfectly adequate. 

Back to the main sequence of opera- 
tion. If a second clock pulse is applied 
(the wiper switch is operated again) 
before the counter reaches terminal 
count, then 1C1b is clocked. This has the 
effect of latching the counter output in 
the transparent latch, IC4. The counter 
up/down input is switched to down, and 
the counter now counts down from what- 
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1C1 = 4013 
IC2 = 4516 
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1C4 = 4042 

IC5 = 4093 

IC6 = 4001 

018 = 1N4148 
ZD1 = BZY88C15V 
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ever number it has reached until the ter- 
minal count bar output switches over. 
This now occurs at zero, because the 
counter is in the down mode. The down 
count takes the same period of real time 
as the up count took, since the oscillator 
is progressively speeding up rather than 
slowing down. When terminal count is 
reached, the relay is energised for a 
period set by the time constant of R19 
and C3. This starts a wipe of the wind- 
screen, which is then completed by the 
park switch in the motor. 

While the relay is energised, the coun- 
ter is parallel loaded with the latched 
count data, so that anew down count can 
be started from the same number. Any 
clock pulse generated on the output of 
1C5c as aresult of the wipe, is prevented 
from reaching IC1a by 1C6b during this 
period. 

The terminal count output is preven- 
ted from resetting the flip flops by 1C5b 
as long as IC1b is set. 

If the wiper switch is operated when 
the wipers are san oneny the ane 
clock pulse from IC5cisal lowed throug 
to the flip-flops, and it switches over 
ICtb. A reset pulse is applied to IC2 via 
C7, with R11 in series to limit the peak 
current in the input protection diodes 
when it switches back the other way. IC2 
is now allowed to count up, and the cir- 
cuit is in the state it was in after the first 
operation of the wiper switch. It is wait- 
ing for a new time setting. 
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R10 
R11, 17, 18, 20 
R12 
R13, 14, 15, 16 
R19 


CAPACITORS 


C3,7 
Gc 
C6 


SEMICONDUCTORS 
1c1 4013 


BZY88C 15V 
BC212 


MISCELLANEOUS . 
RLA1 OUD 12V RELAY 
PCB; 4 way 0.2’-pitch screw connector 
block; track pins for through-baard con- 
nections (see text). ' 


important if the PCB is to be 
mounted in the engine 
compartment of a car, because 
condensation can sometimes 
occur under these circumstances, 
The components may then be 
mounted on the PCB, starting with 
the passive components. The only 
one likely to be difficult is the 
relay, as some samples of these 
have pins which are very resistant 
to soldering. The most effective 
_method of persuading them to 


AUTOWIPE 
PCB 


Fig. 3 Test harness circuit. 


solder is to clean them up with a 
glass fibre brush. Another solution 
which has worked is to pre-tin the 
pins with the aid of a corrosive 
flux. The flux must then be 
cleaned off the pins very 
thoroughly, or else the board will 
fail due to the tracks being eaten 
through after a few months. 
When all the components are 
ethane fitted, a bench test is in 
order. The best way to do this is 
with a test harness (Fig. 3). Switch 
on the supply, and wait ten 
seconds for C4 to charge up. With 
the aid of a digital watch operate 
the switch twice, at a ten second 
interval. Time the flashing of the 
LED, and check that its period is 


between nine and eleven seconds. 


If itis far out, then check that 

R5 to R8 and D2 to D5 are 
peavey fitted. If nothing 

appens, or if the relay just 
switched on, check that both parts 
of the flip-flop switch over as 
pt eae and then move on to 
checking that the clock oscillator 
works, and that a pulse appears on 


Fig. 2 Component 
overlay for the 
Autowipe PCB. 


‘IC5 pin 10 when the switch is 


turned on. It might also be worth 
checking whether Q1 is switching 
but failing to operate the relay — 
such faults have been known. 

Once the board is shown to be 
in good working order, a liberal 
coat of lacquer should be applied 
to the underside, and allowed to 
dry thoroughly. 


Installation 


There are two points requiring 
careful consideration. The first is to 
find a place to mount the PCB, 
within reach of the wiring of the 
windscreen wiper motor. The 
second is to discover which of the 
wires going to the motor is which. 

The first of these depends on 
the individual car, so only general 
advice can be given. Any flat 
surface, at whatever angle, near to 
the motor, may be suitable. It 
should not be in direct line with 
any spray which may come in 
through the radiator grill, nor 
should it be somewhere where 
corrosion is obviously occurring. If 
there is a convenient access to the 
wiring inside the car, then this is a 
preferable mounting place, 
especially if there is also a 
convenient plastic panel to fix the 
PCB to. 

The photographs of the board 
in situ show it on a removable 
plastic panel inside a Maestro, 
close to the position of the fixed 
slow wipe unit supplied with the 
car. | found the = ais by listening 
to the clicking when the slow wipe 
was in operation. 

The only way to identify the 
wires non-destructively is to find a 
connector somewhere in the 
windscreen wiper motor wiring. 
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The positive connection can be 
found with the aid of a meter first 
of all, and then it should be 
possible to identify the standard 
speed connection to the motor by 
finding which one receives a 
continuous supply only when the 
wiper switch is in the standard 
speed position. This wire should 
be cut and connected to the unit 
(Fig. 4). 

The positive supply may be 
obtained via a tap-in connector, 
and the OV connection may be 


PARK SWITCH 


AUTOWIPE 
PCB 


Fig. 4 Simplified wiring diagram. 


‘taken to any convenient bolt 
which passes through the metallic 
structure of the car. A quick final 
test is now all that is needed 
before the unit is ready for use. 

It has been used on a number 
of different cars, including an 
Austin Maxi, Austin Maestro, 
Morris Marina, Morris Ital, Jaguar 
XJS, Hillman Hunter and Triumph 
Herald. This last one was positive 
earth, and the design was 
modified accordingly. 

Should the unit be used on any 
car in which the switch wire is not 
grounded by the park switch in the 
motor, then an external pulldown. 
resistor may have to be connected 
to the terminals, as shown in the 
test circuit (Fig. 3). 

The operation sequence is: 
operate wiper switch to wipe 
screen once. Repeat after a delay 
of x. The intermittent switch will 
now operate at a period of x 
(+10%), with the switch in the off 

osition, until a third manual wipe 
is carried out, or the switch is 
turned on for several seconds 
continuously, or the ignition is 
turned off. It is always possible to 
switch the wipers on continuously 
(even if the accessory should 
malfunction), so there is no safety 
hazard. 
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The prototype installed in an Austin Maestro . 


In the event of a fault which 
causes the wipers to operate 
continuously (for example, the 
relay remaining on all the time), it 
is possible to return to normal 
wiper operation by disconnecting 
just the positive supply to the unit, 
pending a proper repair. 


Sniggles And Contrivances 


There is one more important 
detail to mention. It is possible 
that, by mistake, a time period 
may be set which leaves the wiper 
stationary for only a small fraction 
of a second. If this happens, it is 
very difficult to flick the wiper 
switch during the stationary period 
to reset the circuit. If the circuit is 
allowed to run for a few seconds 
C4 will, on average, discharge 
rather than charge, and after a 
while |C1a will be reset via 1C5a. 
This part of the device has been 
nicknamed the ‘anti-knickers-in-a- 
twist’ circuit. 

To improve reliability, the 
power supply connections to the 


ICs are protected from spikes and 
reverse polarity connection by RY, 
ZD1, and C2. If the circuit should 
accidentally be connected to the 
power the wrong way round, the 
only damage likely is that R9 may 
smoke mightily. 
If the unit is to be used ona 

eget earth car, the circuit can 

e modified to work, provided 
that the wiper switch is in the 
power rather than ground side of 
the motor. Here are the steps 
required: 


1) Exchange C5 and C6. 

2) Replace R9 with a wire link. 
3) Cut the negative track 
(labelled OV) and insert a 
47R resistor. 

Cut the track connecting 
the relay NO contact to +ve 
and reconnect it to the -ve 
where it enters the board 
before the 47R resistor. 
Make sure that the power is 
connected so that the +ve 
is connected to chassis, and 
the OV board connection to 


the -12V supply. ETI 
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MODULAR TEST 


EQUIPMENT 


Continuing his series on low-cost test equipment modules, Mike 
Meakin describes an un-enclosed counter of the 8-digit kind. 


his module measures 
T frequency, period and time 

intervals and can also be 
used as a totalizing event counter, 
In common with the other 
instruments in our Modular Test 
Equipment series, it is designed for 
use as a free-standing board and 
thus avoids the hardware costs 
associated with cased equipment. 
To further reduce costs, the 
module is not equipped with a 
power supply but draws its current 
from the bench power supply 
module described in our October 
issue. Readers who do not wish to 
construct the bench supply should 
be able to find an alternative 
power source without too much 
difficulty. 

The basic module has a 
sensitivity of 250mV RMS anda 
maximum input frequency of 
10MHz. A plug-in prescalar 
module extends frequency 
measurements up to 150MHz. 
Gate times of 10ms, 100ms, 1s 
and 10s can be selected in the 
frequency mode and either 1, 10, 
100 or 1000 cycles can be 
averaged in the period and time 
interval modes. The reading 
displayed is in kilohertz in the 
frequency mode and in micro- 
seconds for period and time 
interval modes. With a 10s gate 
time, the frequency can be 


OOPS! 


On the pulse generator circuit diagram 
which appeared on page 38 of the 
December 1985 issue, R8 is shown as a 
100R resistance. Its value should be 
100k as stated in the parts list. 


It has been pointed out that the 
switch function labelling is not clearly 
visible on the photograph of the 
waveform generator (November 1985 


issue) and the pulse generator 


measured to 0.1Hz resolution 
whilst in period and time interval 
mode the resolution is 0.1us. 
Leading zero blanking and decimal 
points are automatically selected 
and overflow is indicated by the 
left-most decimal point being 
illuminated. 

Simplicity is the keynote of this 


(December 1985 issue). Readers who 
require details of the labelling can 
obtain photocopies of the twice-up 
screen-print masters from us by 
sending a stamped, self-addressed 
envelope. We have included a flat-on 
view of the counter module in this 
month's article to forestall further 
complaints! 


design and not all of the available 
functions of the IC are utilized. No 
provision has been made for 
frequency ratio measurements and 
the circuitry requires that time 
interval measurements are 
repetitive. Single shot events can 
only be measured by resetting the 
counter and initiating the event 
twice. The first pulse ‘primes’ the 
counter and the second pulse is 
measured and displayed. The 
pean of the measured pulse can 

e selected by SW1 so that either 
negative or positive going pulses 
can be measured. In the event- 
counting mode this switch 
determines the eae of the 
edge on which the counter is 
incremented. 

Both AC and DC coupled 

inputs are provided. The DC input 
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Fig. 1 Circuit diagram of the universal counter/timer. 


The clever bits are taken care of by 
1C2. The Intersil application note pro- 
vides comprehensive information on 
this device and readers who wish to 
know more about its operation are 
advised to obtain a copy. 1C1 amplifies 
and squares thé input signal to provide 
the necessary digital signals for 1C2. 

It is unusual to use a digital CMOS 
IC as a linear amplifer and it is impor- 
tant that a National 74HCUO4N is 
used in this position. This is an unbuf- 
fered high speed CMOS hex inverter 
and no other type will function correc-. 
tly in this position. It is biased by RV1 *> 
and R¢4 to its linear operating region 


NOTE: 
IC1 = SP8629 
D1,2 = 1N4148 


Fig. 2 Circuit diagram of the prescalar. 
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HOW IT WORKS 


giving an input impedance of 100k. R3 
together with the internal clamp 
diodes of 1C1e protect the input up to 
+25V. If input signals greater than this 
are anticipated then a suitable input 
attenuator should be constructed. 
iCle amplifies the signal and IC1a and 
b form a Schmitt trigger to square it. 
IC1c and SW1 select the polarity of the 


pulse to be measured in time interval 
mode and the edge on which the coun- 
ter is incremented in the event- 
totalizing mode. The position of SW1 is 
unimportant for the other modes. SW2 
is used in the event-totalizing mode to 
reset the counter. 


OOCKOD0C0000 


PROJECT 


NOTE: 

1C1 = 74HCUO4N 

1C2 = ICM7216A IJ! 

LED1,2 = 5882 OR OTHER 4 x 0.5" DIGIT 
COMMON ANODE DISPLAY 

XTAL1 = 10MHz CRYSTAL 


0.13/10 
FREQUENCY ff 6 0.018/1 


sw3 10s/1000 sw. 
FUNCTION 18/100 | RANGE 


is mainly used for frequencies 
below 20Hz and measurements of 
ane: from logic circuitry. The 
ogic threshold levels and AC 
sensitivity are controlled by a bias 
preset allowing inputs from both 
TTLand and CMOS circuitry to be 
accepted. 

An SP8629 is used as a high 
frequency prescalar. It operates 
with input frequencies between 
10MHz and 150MHz and has a 
typical sensitivity of 1}OOmV RMS. 
The prescalar plugs into the main 
board from which it derives its 
power via the top pin of SK1. The 
manufacturers standard 
application circuitry has been used 
with extra input protection 
provided by R1, D1 and D2. As the 
device operates at high 
frequencies, the prescalar PCB has 
a sone plane on the upper side 
which is connected to OV via a 
track pin. 

Because it is intended that the 
module be used without a case, all 
labelling of switch functions, 
sockets and so on will nave to be 
done on the PCB itself. Various 
methods were described in the 
Modular Test Equipment article in 

the November sso dR 


Fig. 3 Component 
overlay for the | 
counter/timer PCB. 


use of rub-down lettering which 
can give a very neat end result. 
Another method which has since 
been suggested is to mark the 
necessary legends on by hand 
using drawing ink. The board 
.would have to be thOrOuRy 
cleaned before starting, preferably 
with a suitable solvent, and when 
finished the lettering could be 
rotected with a coat of clear 
acquer. Whichever method you 
use, the lettering will almost 
certainly need to be completed 
before you assemble any of the 
components onto the board. 


Construction ‘. 

The board is double sided and 
for reasons of economy the holes 
are not plated through. The 
connections are made by track 


RESISTORS (all %4W, +5%) 
1kO 


R1 
R2, 3 100k 
10R 


R4 


CAPACITORS 
c 


10n polyester layer 
22p sub-miniature 
plate ceramic 

10n ceramic 

100n ceramic 

10u 16V tantalum 


PARTS LIST —PRESCALAR 


J ISLE 
TITMS TTT! 


+ a 


anne eres 


10k 
1k0 
100k 
10M 


1k0 enclosed 
horizontal preset 


470n 100V 
polyester layer 
22p sub-miniature 
plate ceramic 
100n ceramic 

10u 16V tantalum 
100p sub-miniature 
plate ceramic 

47p sub-miniature 
plate ceramic 
1000u 10V radial 
electrolytic 

47u 6V3 tantalum 


5-65p trimmer 


SEMICONDUCTORS 
Ic SP8629 
{+100 prescalar) 


D1, 2 1N4148 


MISCELLANEOUS 
SK1 3-way Molex PCB 
plug with 

polarising post 
10-way Molex PCB 
socket 


SK2 


3 XTALI 


2 


SEMICONDUCTORS 
74HCUO4N 
ICM 7216A IJ 
5882 or other 4x 
0.5” digit common 
anode display 


MISCELLANEOUS 
SK1, 2 3-way Molex PCB 
plug with 
polarising post 
single-pole DIL 
switch 
PCB-mountin 
incor seach 
1-pole 4-way DIL 
slide switch 
10MHz crystal 


sw 
Sw2 
SW3, 4 
XTAL1 


PCB; 2 x 16-way 0.1" pitch PCB plugs 
(for mounting LED or ao ic 
sockets if desired, 1 off 14-pin and 1 
off 24-pin DIL; track pins or wire links 
for through-board connections; 
double-sided sticky foam pad _ for 
XTAL1, 


Fig. 4 Component overlay for the 
prescalar board. 
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pins. These should be inserted in 
the board and carefully soldered 
on both sides. 

Molex PCB plugs are used to 
mount the display and provide 
some of the throughboard 
connections. Prepare two sets of 
16-way connectors made up from 
one ten way and another ten way 
cut down to six ways. Insert the 
longer side of the connectors into 
the board so that about 2mm of 
each pin protrudes from the 
underside of the board. Turn the 
board over and solder the top 
connections. Use plenty of heat 
and allow the solder to flow 
around the pad. 

Inspect the board for solder 
splashes and good clean joints. 
The two displays should then be 
mounted on the pints and gently 
tilted at an angle of about 15 
geen above the horizontal. The 
holes on the displays are plated 
through and the pads need only 
be soldered on the top side. Care 
is needed to ensure that no shorts 
occur and again the board should 
be visually inspected after 
soldering. 

The remaining components can 
now be soldered onto the board. 
Note that one end of R5 is used as 


The ICM 7216A_ Ijl and the 
74HCUOAN are both available from 
Farnell Electronic Components Ltd of 
Leeds and the 74HCUO4N is also 
available from Maplin, Farnell will only 
accept orders from trade and pro- 
fessional customers but Trilogic Ltd of 
29 Holme Lane, Bradford BD4 0QZ will 
obtain parts from them on payment of 
a small __handlin charge. 
74HCUO4n is an inputioredd version of 
the standard high-speed CMOS (HC) 
device and offers a higher impedance 
and even hap speed. A 74HCO4 
device would not perform as well in 
this circuit. The ICM 7216 is available | 
in four versions, all of which are stoc- 
ked by Farnell but only one of which, 
the 7216A, will work in this circut. (The 
7216B is a common-cathode version of 
the 7216A and the 7216C and D are 
respectively common-anode and 
common-cathode versions of a 
reduced function device which does 
not include’ the  counter-timer 
facilities). Incidentally, you should be 
prepared to pay quite a high price for 
this IC. As befits something which con- 
tains almost the entire circuitry of an 8- 
digit, 10MHz timer/counter/frequency 
meter, the 7216A will probably cost 
ou in the region of £30.00 by the time 
‘AT and all the other extras have been 
added on, 

The other IC, the P8629, is available 
from a number of regular suppliers and 
none of the resistors or capacitors 
should present any problems. The 
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PROJECT: Universal Counter 


The plug-in pre- 
scalar module: note 
the use of a ground 
plane on the com- 
ponent side of the 
board. 


a throughboard connection and 
make sure that it is soldered on 
both sides. A socket should be 
used for 1C2 and although the 
device is static protected the usual 
precautions should be taken. The 
crystal is attached to the board by 
a double sided adhesive foam pad. 
As with any PCB it is a good idea to 
clean the board with a suitable 
organic solvent to remove the flux 
residue. Do remember that these 
solvents can attack the plastic of 
the DIL switches and the displays! 
Construction of the prescalar 
module is very straightforward. A 


BUYLINES 


enclosed horizontal presets are avail- 
able from Verospeed and Cricklewood 
Electronics and trimmer capacitors 
suitable for use in the CV1 position are 
sold by Maplin and Cirkit among 
others. Bradley Marshall stock the 
5882 displays, although you may prefer 
to obtain these from Farnell if you are 
ordering from them anyway. 

The DIL switches used for SW3 and 
SW4 in the prototype were obtained 
from ERG and are known as type 
DS16D 1-4. ERG are another company 
who will only deal with trade and pro- 
fessional customers, and we do not 
know of a dealer who can obtain parts 
from them. Farnell stock a 1-pole, 8- 
way DIL switch (type DS16C 1-8) 
which will fit the board. In operation, 
the two outer positions at each end 
would have to be ignored and only the 
middle four positions used. An alterna- 
tive is the DS16C 2-4, also available 
from Farnell, which has four ways and 
two poles. it will fit the board, but the 
two spare pads at either end of the top 
row of contacts on each switch would 
have to be separated from the adjacent 
pads to which they are presently con- 
nected. The switch will then have only 
four positions as required, but the 
switching sequence would be altered. 
On the range switch, for example, the 
sequence would then be 10, 1, 1000, 
100 instead of 1000, 100, 10, 1. 

The PCB will be available from our 
PCB Service, for details of which see 
page 59. 


‘ 
track pin must be inserted in the 
position indicated on the overlay 
and soldered on both sides so as 
to connect the ape plane to 
OV. The only other point to note is 
that no IC socket should be used 
for the $P8629. Using a socket 
would probably upset the high 
frequency performance. 


Testing 


This module requires only a 
single 5V supply capable of 
pay up to 250mA. Adjust 

V1 and CV1 to their mid- 
positions, select the frequency 
mode and the 1s gate time, then 
switch on the power. The right 
most LED should display zero. 
Apply an input signal of about 1V 
peak to peak to the AC input and 
check that you get sensible 
readings on the display. CV1 
should be adjusted to give a 
display of 10000.000 kHz when 
connected to a 10MHz frequency 
standard, but for most uses can be 
left in its mid-position. The other 
functions and ranges should then 
be checked. A555 connected as 
an astable can provide a signal 
suitable for checking the period, 
time interval and event totalizing 
modes. RV1 can be set to its 
optimum position nee 
reducing the amplitude of an AC 
input signal and adjusting the 
position of RV1 to obtain 
consistent readings 

The prescalar module is tested 
by simply plugging it into the main 
board and connecting a suitable 
input signal. A short wire aerial can 
often pick up sufficient signal from 
low power transmitters or even the 
stray radiation from FM tuner local 
oscillators. Don’t forget to multiply 
the display readings by one 
hundred to obtain the correct 
frequency! 
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In order to ensure that you get th 
The code can also be used to id 


1984 
O £/8402-1 Speech Board 
MinitMynah ......---.+eeeeeees 11.47 
O £/8402-2 MP (Modular Preamp) Disc 
input (MONO) .... 0.6.6 ee eee wees 3.80 
£/8402-3 MP Output stage (stereo) 3.80 
E/8402-4 MP Relay/PSU........... 3.80 
E/8402-5 MP Tone, main (mono) ... 3.80 
E/8402-6 MP Tone, filter (stereo). ... 3,80 
E/8402-7 MP Balancedoutput (st) . .. 3.80 
E/8402-8 MP Headphoen amp (st). .. 3.80 
E/8402-9 MP Mother Board ....... POA 
£/8403-1 Power Meters ........... 6.93 - 
E/8403-2 Z80 DRAM............. 10.24 
E/8405-1 Auto Light Switch........ 4.11 


E/8405-2 ZX81 EPROM Prog ..... 11,00 
E/8405-3 Mains Borne RC Xmer....5.70 


E/8405-4 Centronics Interface ..... 4.06 
E/08OS-5 VIO iy is ceorewanen asses 7.95 
E/8405-6 Midi Drum Synth,........ 3.63 
E/8406-1 Oric EPROM Bd........ 20.47 
E/8406-2 Spectrum Joystick ....... 3.52 
E/8407-1 Warlock Alarm .......... 9.45 
E/8408-1 Joystick Interface........ 3.96 
E/8408-2 EPROM Emulator....... 12.42 
E/8408-3 Infrared Transmitter...... 3.96 
E/8408-4 Infrared Receiver ........ 3.96 
E/8409-1 EX42 Kybd, Interface..... 3.93 
E/8409-3 Dry Cell Charger......... 2.82 
E/8410-1 Echo Unit .............+. 3.95 
£/8410-2 Digital Cassette. ........ 10.25 
£/8410-3 Disco/Party Strobe....... 5.31 
£/8411-1 AM/FM Radio (4 bds) ... 14.61 
E/8411-2 Control Port-controlbd ... 12.70 
E/8411-3 Control Port-I/O bd...... 6.62 
E/8411-4 Capacitance Meter....... 3.68 


How to order: 


Indicate the boards required by ticking the boxes and send this page, together with your payment, 
to: ASP Readers’ Services, PO Box 35, Wolsey Road, Hemel Hempstead, Hertfordshire HP2 4SS. 
Payment in sterling only please. Prices subject to change without notice. 


Total for boards £ 
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entify the year and month in which a parti 
two numbers are the year, the third and fourth are the month and the num 
particular project. 
Our terms are strictly cash with order — 
pro-forma invoice for you to raise a cheque agains 
dispatched until after we receive payment. 


ETI PCB SERVICE 


e correct board, you must quote the reference code when hee. | 
cular project appeared: the first 
ber after the hyphen indicates the 


we do not accept official orders. However, we can provide a 
t, but we must stress that the goods will not be 


£/8411-5 Video Vandal (3 bds)....12.44 
E/8411-6 Temperature Controller . .. 3.02 
£/8411-7 Mains Failure Alarm...... 2.63 
£/8411-8 Knite Light .............. 3.96 
E/8411-9 Stage Lighting Interface . . . 3.74 


E/8411-10 Perpetual Pendulum .... 3.38 
E/8412-1 Spectrum Centronics..... 3.57 


E/8412-2 Experimenter’s DRAM. .. 14.72 
E/8412-3 Active-8; Motherboard. . . 12.22 
£/8412-4 Active-8: Protection Unit .. . 3.69 


£/8412-5 Active-8: Crossover ...... 3.69 


E/8412-6 Active-8: LF EQ ...3.69 
. E/8412-7 Active-8: Equaliser ....... 3.69 

E/8412-8 Active-8: Delay Unit...... 3.69 

1985 

E/8501-1 Active Bass speaker...... 2.82 


E/8501-2 DRAM Card Update...... 3.61 


E/8501-3 Digital Delay (2 bds) .... 27.18 
E/8502-1 Digital Delay Expander. ,. 11.28 
E/8502-2 Data Logger............. 6.21 
E/8503-1 Combo preamplifier. ..... 4.74 
E/8503-2 THDmetermV& osc. bds... 7.41 
E/8503-3 THD meter mains PSU ... 3.63 
E/8503-4 THD meterbattery PSU ...1.59 
E/8503-5 ParaGraph Equaliser 

IP/MSP & OP/PSU bds......... 10.42 
E/8503-6 ParaGraph Equaliser 

PGE BO casivceves eaccotenenseaes 4.93 
£/8504-1 Framestore Memory .... 12.05 


E/8504-2 Framestore ADC/DAC....6.21 


E/8504-3 Framestore Control..... 17.26 
E/8504-4 Buzby Meter............. 3.56 
E/8504-5 CCD Delay....... 


E/8505-1 6802 board.............. 8.22 
E/8505-2 EPROM prog. update .... 5.28 


Pe eT 


E/8505-3 Scoreboard controller, 
PSU and opto-isolator bds....... POA 
E/8505-4 Scoreboard digital driver . .. 4.27 


E/8505-5 Stereo Simulator......... 3.64 
£/8506-1 Audio mixer main bd ..... 6.40 
E/8506-2 Audio mixer PSU bd...... 3.98 
£/8506-3 Audio mixer RIAA bd..... 2.62 
E/8506-4 Audio mixer tone ctrl...., 2.85 
£/8506-5 EPROM Prog MkIil...... 14.90 


o 

oO 

oO 

oO 

o 

oO 

o 

oO 

OD E/8507-1 Noise Gate.............. 5.72 
O £/8508-1 RCL Bridge............. 12.25 
O £/8508-2 EX42/BBC interface...... 3.25 
QO £/8508-3 EPROM Emulator........ POA 
QO £/8509-2 Direct Injection Box...... 2.90 
Cl £/8509-1 SpectROM.............. POA 
O £/8510-7 Sorcerer Boards......... POA 
O £/8510-9 Sunrise Light Brightener, .. 6.61 
O £/8510-8 MTE Power Supply...... 17,60 
O £/8511-1 MTE Waveform Generator 4,83 
CO E/8511-2 Millifarodometer......... 4.69 
QC £E/8511-3 Cymbal Synth........... . 6.04 
O £/8511-4 Memory Scope......... 10.65 
O €£/8511-5 Chorus Effect............ 5.16 
QO £/8511-6 Rhythm Chip ........ ose S67 
QO E/8511-7 Enlarger Exposure Meter . . . 3.86 
O £E/8511-8 Switching Regulator...... 3.75 
O £/8511-9 Second Line Of Defence... 9.94 
0 E/8512-1 Specdrum Connector. .... 4.04 
O £/8512-2 MTE Pulse Generator..... 6.62 
O £/8512-3 Specdrum............... 8.05 
0 £/8512-4 Di Compression Gate..., POA 
1986 

0 £/8601-1 Autowipe............... POA 
QC £/8601-2 Walkmate............... POA 
O £E/8601-3 MTE Counter/timer...... POA 


Total enclosed £....... 


PLEASE ALLOW 28 DAYS FOR DELIVERY 
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Due to the recent change of manufacturer, a large number of boards have not yet been priced. The 
above list does not include any boards from projects published before the beginning of 1984, 
although a number of these are still available. All queries as to price and availability should be 
directed by letter only please to the address shown on this order form. 


TOUCH 
CONTACT 


1C1 = 74C14 or 4093 SEE TEXT 


Touch Switch 


Ali Taalf 
Ringwood 


This isareliable touchswitch design 
with wide application, which uses 
only common or garden compo- 
nents. Inthe basic circuit, the output 
is normally at logic 0. When the con- 
tact is touched, the output smartly 
switches to logic 1. 

IC1a is used in an oscillator cir- 
cuit which produces a frequency of 
approximately 200kHz. All the time 
that the contact is not bein 
touched this high frequency signa 
passes via CV1 and C2 to the input 
of IC1ib, This Schmitt inverter 
switches at the signal frequency and 
keeps C4 charged. 

When a finger is placed on the 
touch plate, the signal reaching the 
‘input of 1C1b is substantially reduced 
by the potential divider action of 


TOUCH 
CONTACT 


12 = 4011 


IC1 = 74014 or 4093 SEE TEXT 


CV1 and the capacitance of the 
finger. This inturn causes the output 
of IC1b to stop switching and remain 
at logic 0. C4 discharges through R3 
and the output of IC1c switches to 
logic 1, 

CV1 should be adjusted for opti- 
mum sensitivity. Some units may 
require a different value of C1 from 
that shown owing to the tolerance 
on the Schmitt levels of the 74C14 
— the approximate operating fre- 
quency is 


f — a 
R1xCl 


C2 prevents hum pickup from caus- 
ing IC1b to switch. If preferred, 
4093s wired as inverters may be 
used instead of the 74C14s. 

The second figure shows two 
touch switches used to setand reset 
alatch. Obviously the principle could 
be extended to many more ways, 
but still only one oscillator would 
be needed. 


Analogue 
Opto-Isolator 


P, Cuthbertson, 
Inverurie. 


This circuit accepts an analogue input 
and transfers it to the output faith- 
fully without any electrical connec- 
tion, the link being optical. Itis more 
usual to see V to f convertors being 
used for this, butthey demand more 
cumbersome circuitry and unless a 
train of pulses is required, the linear 
approach should be considered. 
Additionally, V to f convertors inte- 
grate or smooth out the incoming 
waveforms, which may or may not be 
desirable. With slight modifications 
(changing a few resistor values) this 
circuit will feed the A/D convertors 
of, for example, a BBC without 
introducing loops. 

Linearity is maintained by usin 
two optoisolators; these are bot! 
non-linear, but equally so, and the 
effect can be made to cancel out. 
Although not done on the original, a 
dual type could be used to obtain 
the benefits of equal temperatures. 
1 don’t think this is as important as it 


Multi-Channel 


Electronic Signal 
Switching 


A. Armstrong, 
Leighton Buzzard 


This tech-tip shows howto use elec- 
tronically latched switching of up to 
8 signals. It is intended for use in 
home audio systems. Unlike many 
electronically latched .systems, it 
can be made to remember which 
osition it was in when last used. 
ndicator driving is no problem 
either. 

The NAND gates shown in the 
first figure are arranged so that, as 
any switch is pressed, the outputs of 
the latches take up the binary num- 
ber corresponding to the switch 
pressed, Five-input NAND gates are 
needed for eight way switching, so 
one can either use 4068s and con- 
nect the extra inputs to logic 1, or 
five-input gates can be constructed 
from inverters and diodes as shown 
in the lower figure. In this case, the 
only pull-up resistors required will 
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would be on a V to f circuit, and 
besides, the isolators are dissipating 
approximately equal power. 
The two halves of the circuit are 
Paweree from separate supplies. 
he network R1, 2, 3, 4 attenuates 
the incoming voltage and offsets it. 
This ensures that the LEDs always 
have a certain amount of current 
flowing in them. IC1 drives both 
LEDs and the voltages on its inputs 
are nearly equal. Current flows in 
R9, the offsetis removedand the gain 
adjusted in the output circuit, 1C4, 
To get the best linearity, adjust 
RV1 to the centre of its travel and take 


be the ones directly connected to 
the gates, a total of six instead of 
eight. 

This scheme can be carried out 
using one hex inverter rather than 
six 4068s, but it is untidy with all 
those diodes hanging on the board. 
If you only want four way switching, 
two triple, three-input gates can be 
used, leaving two gates spare.A 4052 
would then be used to switch both 
channels of the stereo source. 

Only one 4051 is shown in the 
diagram here, but in practice three 
would be used, with the address 
lines in parallel. Two of them would 
switch the signal and the third the 
indicator LEDs. It is quite safe to put 
5mA through this type of device, so 
the common input/output pin is 
connected to +7.5V via about 1k2 
and the LEDs are connected to the 
switched terminals. Then one LED 
will illuminate at a time, corres- 
ponding with the channel selected. 

Battery backup can easily be 
added. The positive connections to 
allthe CMOS gates and pullup resis- 
tors should be connected to the bat- 
tery supply, but nothing else should 
be. The only thing to remember is 
that it is possible to change the state 
of the latch while only the battery 
supply is present. This circuit has 
been tested and is in use. 
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1C1,4= 741 
1C2,3 = OPTO-ISOLATOR 
01 = 1N4001 


two pairs of measurements of out- 
put versus input, one pair near the 
more positive end of the range of 
interest, the other pair near the more 
negative end of the range. Divide 
the differences between the adja- 
cent pairs of inputs by the dif- 
ference between the adjacent pairs 
of output values, giving two ratios 
which should be approximately 
equal. Adjust RV1, making a note of 
how far it has been adjusted, and 
repeat the measurements and cal- 
culation. Compare this new set of 
ratios with the previous lot. There 
are three possibilities: the error will 


have diminished, in which case 
adjust furtherin that direction; it will 
have increased, in which case reverse 
the adjustment direction; or you 
may have adjusted past the point of 
linearity in which case you will note 
that the ratio which was the larger is 
now the smaller. In this last case 
reverse the direction of adjustment 
but don’t adjust too far back again. 
Repeat until the linearity is accep- 
table. 

In fact, the linearity is only a few 
per cent out with a 330 ohm resistor 
in place of R7 and RV1. If you can 
stand a certain amount of non-linearity 
substitute the resistor. If you possess 
aramp generatorand scope capable 
of XY display then you will be able to 
adjust the linearity by eye. 

Adjust the gain and offset once 
the linearity is satisfactory. Do not 
be afraid to alter resistor values to 
suit other input values. C1 is not 
usually necessary but | haveincluded 
it as it stops any tendency to oscilla- 
tion. The power supplies are simple 
3 terminal fshprraelte The original 
circuit runs 1C1 at+15V but one may 

et away with just plus 15V, connect- 
ing pin 4 to ground. D1 would no 
longer be needed then since it only 
serves to protect the optoisolator 
LEDs from polarity reversal. 


IC 1-6 = 4068 SEE TEXT 
C7 = 4051 
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The top and bottom foils for the Sound Activator board. 


~j 


% 


The foil patterns for the Modular Test Equipment Universal Counter: above and above 
right, the top and bottom foils for the main board and below, the underside foil and the 


upper side groundplane foil for the prescaler module, 


Ml —100 PRESCALAR | 
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PCB FOIL PATTERNS 


OPEN 
CHANNEL 


There have been a number of 
developments in the telecom- 
munications arena since | last 
wrote, First, it looks as though 
British Telecom's bid to buy a 
51% stake in Mitel is to be 
cleared by the Monopolies and 
Mergers Commission, The original 
£180 million bid — yes £180 
million — was made in May ofthis 
year, and consequently referred 
to the Commission as many 
telephone equipment manufac- 
turers like Plessey and GEC believe 
the acquisition would be harmful 
to them, And wouldn't it? 

Let's think of the possibilities. If 
BT is allowed to buy the controll- 
ing share of Mitel, it can then 
press ahead with the manufac- 
turer of small private automatic 
branch exchanges (PABXs) of the 
sort Mitel already makes, It cur- 
rently buys these exchanges from 
Mitel, of course, as well as buying 
similar exchanges from other 
manufacturers (such as Plessey 
and GEC) — the difference being 
that as BT will, in effect, be manu- 
facturing its own exchanges, a 
greater profit will be made from 
the equipment than that from 
other manufacturer's equip- 
ment. In the long term, BT is 


ALF’S PUZZLE 


To save a few pennies on our 
projects at ETI, we often buy 
cheap bags of mixed compo- 
nents, Last week we received a 
pack of assorted CMOS ICs from 
BI-A-BAG and set about testing 
and sorting them out. All went 
well until we came across an IC 
with no markings on at all. ‘Don’t 
throw it away,’ said Alf. ‘it's just 
what | need to test my new IC, 
identifying machine.’ He trotted 
off to his workshop and returned 
a few minutes later, proudly 
showing us the printout from his 
machine, This is what it said: 


IC TYPE: MASK PROGRAMMED 
ROM, 256 x1 


PINA NC 

PIN 2 Address line 
PIN 3 Address line 
PIN 4 Address line 
PIN 5 Address line 
PIN 6 NC 

PIN 7 OV 

PINS NC 

PING Address line 
PIN10 Address line 
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bound to increase its manufac- 
turing capabilities to reduce the 
intake from other manufacturers 
— that is an inescapable fact. So 
on the face of it, yes, the other 
manufacturers have the right to 
grumble, 

On the other hand, BT is now 
committed, since privatisation, 
to providing the best service for 
its customers (theoretically, it was 
before privatisation, too, butthat’s 
another issue), It stands to reason, 
therefore, that BT would be 
entering the manufacturing side 
of the industry, anyway. And if it 
doesn’t purchase the capabilities 
in one swoop, by buying a con- 
trolling stake in a company such 
as Mitel, itwill inevitably set upits 
own manufacturing organisation 
in stages over the coming years. 
The difference between these 
two alternatives is simply the 
timespan, of course. Plessey, GEC 
et al, have no reason to assume 
they are the rightful suppliers of 
equipment to BT — if they can 
supply suitable equipment to BT 
at an economic price then | am 
sure BT will not wish to make the 
equipment itself. 

The best outcome of the affair 
must be a recommendation from 
the Monopolies and Mergers 
Commission that BT can buy Mitel 
if it wants, but that for a limited 
timespan it cannot increase its 
market share because of the 
manufacturing advantage, This 
will give other manufacturers a 


PIN11 Address line 
PIN 12 Adress line 
PIN 13 Data out 
PINIT4 +¥V 
CONTENTS: 


Locations 0 to 254 contain 1 
Location 255 contains 0 


We were most impressed until it 
occurred to us that there was a 
much more likely identity for 
the IC. 

To test our idea, we gave Alfa 
certain 4000-series CMOS IC to 
‘test on his machine. He soon 
returned with a puzzled look on 
his fa¢e anda printout exactly the 
sameas the one above, WhichIC 
did we give hii? 
The answer to 
puzzle, 

Let's suppose you actually tried 
to build an infinite resistor net- 
work, You could start off with a 
single section of two 4R resistors 
and a 5R, giving a resistance for 
the first section of 13R. Working 
from left to right, you could then 
add another pair of 4R resistors 
and a 5R. The resistance at the 
terminals would have dropped 
slightly because the 4R resistor of 
the first section is now in parallel 
with the second section. Addinga 
third section would reduce the 
resistance yet again, but by a 
much smaller amount than before. 


last month's 


chance to get their houses in 
order. 


Wire We Waiting 


In an unprecedented attempt 
to awaken public interest in the 
possibilities of cable television 
systems, the Department of Trade 
and Industry is allocating £5 
million in the form of grants, to 
companies involved in interac- 
tive cable television demonstra- 
tions. Since the first rumblings of 
the cable television revolution 
were first heard, back in 1982, 
less than £2 million has been 
given in support — so the new 
sum represents quite a -step 
forward. 

Through the Support for Innova- 
tionscheme run by the DTI, those 
,eligible will receive up to 50% of 
the costs of providing the demon- 
stration equipment. Equipment 
funded from this magnificent sum 
will, 1am sure, persuade Joe Public 
that interactive cable televisionis 
all that it was originally cracked 
up to be and better! In reality, Mr 
Public probably feels, and still 
will feel, that interactive cable 
television is just another gimmick 
to make him part with his money, 


Wire-less Are We Waiting 


The selection procedure to 
determine the organisers of pro- 
posed community radio stations 
is now underway. 

Community radio is planned to 


By the time you had 100 or so 
sections connected, you'd be 
hard pressed to measure any 
change in resistance at all from 
adding another section, and when 
you reached a billion sections, 
even your ultra sensitive meter 
with one single electron resolu- 
tion would have given up long 
ago, For an infinitely long resistor 
network, you would not have any 
change in resistance at all by add- 
ing another section, not even in 
theory. 

Instead of adding another 
section to the right hand side, | 
want you to add one to the left. | 
know that means an infinitely 
long walk to the other end of the 


go on-air in the Spring, initially as 
part of an experiment lasting two 
years but eventually, it is hoped, 
on a full-time basis. If concluded 
and introduced _ satisfactorily 
community radio will provide an 
important new service not per- 
formed by existing radio broad- 
casters — ie, the BBC andthe IBA. 
Rumours abound, however, that 
there are certain personnel on 


' the advisory selection panel who 


(having very close links with these 
very same existing radio broad- 
casters) would not want com- 
munity radio to take off without 
problems, or more importantly, 
would not want community radio 
to take off at all. | am convinced 
that the Home Office will look at 
all viewpoints most: sympathetl- 
cally and weigh up the situation 
thoroughly before allocating the 
franchises for the community 
radio station. Watch this space... 


Why ARE We Waiting? 


At the time of writing I’ve had 
no news from the CCIR meeting 
regarding the future of European 
television — ie, whether we're to 
go to the Japanese HDTV route, 
or the European’ extended 
C-MAC route. These things take 
time, I'm sure, It’s taken us 50 
years to get this far — we'll be 
damned if a few Japs can get us 
into a flap over what's best for 
our telly, 


Keith Brindley 


resistor chain, butit’s all ina good 
cause. Let's call the resistance of 
the infinitely long resistor chain 
‘Alf, after its inventor. Adding 
another section at the left hand 
side gives a resistance at the new 
terminals of; 


(9R +4R)//Alf 


Since the resistance of the new 
chain will be just the same as that 
of the old one, we have: 


Alf = (9R + 4R)//Alf 


This is an equation that we can 
easily solve for Alf, and we find 
that the resistance of the network 


is 12R. ETI 
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SCRATCHPAD 
by Flea-Byte 


The trick with this puzzle is not 
in doing the sums, but in deciding 
which sums to do in the first 
place. It would no doubt be pos- 
sible to form a series of partial 
sums beginning with the first 
resistor section and progressively 
adding more sections, and to 
show that the series tends to a 
limit, Alf is much too lazy for the 
complicated mathematical mani- 
pulations involved with this 
approach, 


Here in the gloomy recesses of 
ETI Towers it dawned on us sud- 
denly with the force of revelation 
that whatthe world reallyneeded 
at this time of the year was another 
award ceremony. Well, all of us 
make mistakes. 

Undaunted, Flea-byte setabout 
the task of drawing all the neces- 
sary threads together with a will, 
Sir Richard Attenborough was 
engaged to weep volubly; Princess 
Alexandra (or maybe it was 
Princess Michael of Kent, or even 
Princess David of SW7) was 


engaged to smile condescen- 
dingly; even David Puttnam 
agreed to come and tell the guests 
how British Electronics is the best 
electronics in the world, We 
booked the Café Royale and 
invited everyone we could think 
of, Only at this point did it occur 
to Flea-byte or any of the toiling 
minions working on the project 
that nobody had been con- 
sidered to receive an award. 

Let me tell you, there was panic. 
Ateam of expert judges was has- 
tily recruited and supplied witha 
years back-copies of ETI, Elec- 
tronics News and the Beano, They 
were locked in a room and told 
not to come out until the awards 
had all been agreed or they had 
all killed each other, In the event, 
only our very own Alf emerged 
unscathed to present what he 
said was a unanimously agreed 
list of award-winers. Of course, 
Flea-byte had no way of knowing 
whether Alf was bending the truth 
a little or not, since all the other 
judges were by now assuming 
postures of extreme stillness and 
silence. Alf said they were practis- 
ing anew form of Korean medita- 
tion called Be-lng-Ded, but 
Flea-byte was not convinced. 

As it turned out, we really 
needn’t have bothered since due 
to a proof-reading error the invi- 
tations had all gone out inviting 


people to attend ‘An Away Cere- 
mony To Present The ET! Draws 
for 1985, to be held at the 
Café Royale, Bremerhaven, on 
December 31st, 1984, Needless 
to say, nobody accepted. 

However, Flea-byte couldn't 
fetall his hard work go to waste, to 
say nothing of the efforts made by 
Alf, the minions and the judges. 
So Scratchpad is proudto present 
the first annual ET! awards for 
1985 on this page, 

The Walt Disney award for con- 
tributions to artificial intelligence: 
Ronald Reagan. 

The Joan Collins award for opti- 
misminthe face of overwhelming 
odds: Sir Clive Sinclair. 

The Clive Sinclair award for 
promotion: Halley's Comet. 

The Isaac Newton award for 
contributions to the study of 
gravitational effects: Boeing 
Aircraft. 

The Most Promising New- 
comer award (for the third year 
running): Gallium Arsenide. 

The TINA (an award instituted 
by Margaret Thatcher to encour- 
age resistance to change): TTL. 

The Input-Output award for 
services to amplification: Sara 
Keays. 

The General Motors award for 
services to the British Economy: 
jointly awarded to Olivetti, 1BM, 
lan McGregor and Japan, 


The Clark Kent award for the 
most original idea about tele- 
phone boxes: Cellnet. 
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Phone Phun 

Some of the more amusing 
stores of 1985 centre on the new 
telephone services designed to 
create a demand-fuelied expan- 
sion in the current vogue arena of 
electronic development — com- 
munications, One may dispute 
the rights and wrongs of deregu- 
lation, privatisation and the 
break-up of monopolies like BT 
and AT&T in America, but there is 
no arguing that we are not pre- 
pared for the new freedoms we 
are being offered. In Bristol, for 
example, an experiment in ite- 
mised telephone accounts ran 
into near disaster when bills star- 
ted arriving at private households 
featuring numerous calls to 
telephone numbers unrecognized 
by one or other member of the 
household, Curious wives or hus- 
bands were not slow in discover- 
ing that their partners were, often 
as not, hiding illicit relationships 
behind the unemotional front of 
a simple six-digit number. As a 
result, it was said that forthe dura- 
tion of the experiment divorce 
and separation statistics in the 
Bristol area rocketed, 


26 Ranges. 20,000 
Ohms /Volt. Anti 

, Parallax Mirrored 
Scale. Taut Band 
Suspension, Shock 
and Overload 
Protection. Max. 
1250V AC/DC, 104 
AC/DC, 30 Meg 


Ohms.Carry handle/ 


bench, stand 

(List £43.47) 
Complete with leads, 
battery, instructions 
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W212 Hitachi duat DC to 20MHZ Portable 
‘Scope. & Square CRT. SmV/DIV. Max 1m¥ 
All Facilities 


NEW LOW PRICE ce 
£343.85 incvar |PROBE KITS 


(UK TNT delivery £8,00) 
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26 Range 3} Digit LCD. 
AC/DC 0/200uA to 0/10 
Amps. AC/DC 0/200mv 
to 0/1000 Volts 0/200 
Ohm to 0/20 Meg 
Ohms Auto Zero, Auto 
Polarity. Fuse 
Protected, etc (List 
£71.30) 


Complete with leads, 
battery, instructions 
and CARRY CASE 
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on 


S855 
aa 65 


DI Compression Gate 


Sophisticated signal conditioner 
the functions of NOISE 


INJECT BOX, Mimmum of cantrots for 
maximum ease of operation Muaical 
gertarmance and strappable for stereo 
operation, 4-LED display of gain 
reduction and tricolour indication of * 
gate status. 


Activator 

Psychoacoustic enhancer offers 

penormance ¢ivalling that of £400 units 
11S easier to use. with sophisticated 

iitering. semi-automatic operation and 

an “inleltigent” display. 


Microamp (available January 


Compact, siereo power amptifier with 
the reliability and superb perarmance 
of MOSFET technology. 30 Watts 
rms per channel inio 8A of bredgable 
for GOW mano. True chip indication and 
soft lirmmuting. 


PSU 


supplies 145V at 201 
IN plug (feguiated voitage}. 
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Time 
Machine 


" 
0 
SOUND ENGINEERING i 


of Devon A 


AMPLIFIERS AND ANCILLARIES, 


The tidy answer 10 power supply problems Housed in a 134 plug, this 
m4 per rail for powering TIME MACHINE 
reamed Supplied with a sensible 2 metre cable terminated in a 3-pin 


Coming soon: LEVELLOR MULTIBAND COMPRESSOR 
TIME MACHINE ONE 


All TIME MACHINE orcducts have attractively styled steel cases bristling 
with mnpuis and outputs, balanced and un-balanced, have knobs you can 
get your fingers between with metal shaits that don't break as soon as 
you Look at them, offer remarkable specificaiions at affordable 
aré made in Britain and have manuals written in clear English 
say More? | $0 send a decent size SAE to: 


Time Machine,te Tr), Abbotsford, Deer Park Avenue, 
Teignmouth, Devon, T@14 SLI. 


Cheques rayaute to"TIME MACHINE". Please allow 3 to 21 days for 
prices Include VAT, postage and packing. 
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ANNOUNCE AN EXCITING NEW RANGE OF STUDIO QUALITY PROCESSORS, 
IN STACKABLE 84" CASES 10 HIGH, 


KIT £68 BUILT £98 


BUILT £98 
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ror 


BUILT £98 


PLUS: 
REVERB/DELAY/HARMONISER 
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Tel: O6267 2353. 
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The new Maplin catalogue for 1986 is a real adventureland for the 
electronics enthusiast. With hundreds of new lines and details of Maplin's 
new low low prices, it's the one event in the electronics year that no-one 
should miss, Packed with data and information on all the latest electronic 
products. Pick up a copy from any branch of W.H. Smith for just £1.45. 
Aiternatively you can order your copy by post for just £1.85. For overseas 
customers the prices are as follows: Europe surface mail £2.50; Europe —— mS 
air mail £3.75. Outside Europe surface mail £2.50; Outside Europe air ee 
mail depending on distance £4.25/£5.50/£6.25. For surface mail ‘ 
anywhere in the world you may send eleven International Reply Coupons 
for payment in full. 


| MAPLIN ELECTRONIC SUPPLIES LTD. 
| Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 552911 
SHOPS 

| @ BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. 


Post this coupon now for your copy of the 1986 catalogue. 
Price £1.45 + 40p post and packing. If you live outside the U.K. 
send £2.50 or 11 International Reply Coupons. | enclose £1.85. 


@ LONDON 159-161 King Street, Hammersmith, W6. Tel: 01-748 0926 

@ MANCHESTER 8 Oxford Road, Tel: 061-236 0281. 

@ SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831. 

@ SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. Tel: 0702-554000 
Shops closed all day Monday. 
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